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NOTICE

The discussions or opinions concerning commercial products
herein do not constitute an endorsement or condemnation by the
Government or agencies thereof, nor do they convey or imply the
right to a license for the fabrication or use of such products.
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PREFACE

The Naval Avionics Center, Indianapolis (NAC), in conjunction with the Naval
Weapons Support Center, Crane (NWSC), designed and tested a new module
family which is compatible with and which has thermal and component density

capability greater than Standard Electronic Modules (SEM) under the
following Naval Ocean Systems Center (NOSC) authorization:

Standard Electronic Modules (SEM) Exploratory Development
tasking from the NOSC 1in accordance with the task statement
attached to Work Request N0Q95377WR09153, entitled, “Improved
SEM Packaging Development".

This writer wishes to acknowledge the contribution of Ron B. Lannan and

Larry E. Nash of NWSC, Crane, in the development of Section IV, Thermal
Analyses, and their contribution in the development of the module design;

James Parmerlee, in the development of the Water Cooled Card Cage Analyses;
Ron Huss, in the writing of the Introduction and Conclusions; Dave Hershberger,
in the development of the Stress Deflection Analysis on a 100-Pin Wrapost
Plate; Mel Swager, in contributions on producibility; and many others in the
Navy and industry who have made useful contributions.
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; ABSTRACT

\
This report covers the design, development, and thermal modeling and
testing of a new module family, the Improved Standard Electronic Modules
(ISEM), which is compatible with the existing SEM Program modules.

Naval Ocean Systems Center (NOSC) directed Naval Avionics Center (NAC),

in conjunction with Naval Weapons Support Center (NWSC), to develop,
test, and fabricate the Improved SEM.(
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I. CONCLUSIONS

The improved SEM configuration provides increased component mounting g
area, thermal capacity, and input/output pin capability (2A configur- f
ation) as compared to the existing SEM configuration. Increased

capabilities are as follows: L

EXISTING IMPROVED PERCENT

PARAMETERS SEM SEM INCREASE

a. Component Mounting
Area (IN2) ]
(1) 1A 2.33 3.10 33 %
(2) 2A 5.33 7.09 33 %

b. Thermal Capacity ‘
(Watts/Module) |

(1) 1A DIP Frame

(a) Direct Air Impingement
(15 Ft./Sec) and .3 Pitch 4.5 8.1 &0 %

(b) Conduction to Side Guides
(Water Cooled)

Vertical Cutouts 3.6 4.8 33.3 %
Horizontal Cutouts - 8.1

(c) Conduction to Top
(Water Cooled)

Vertical Cutouts 4.5 6.4 42.2 %
Horizontal Cutouts - 4.5 §
(2) 1A Center Frame ;
(a) Direct Air Impingement :
(15 Ft./Sec) and .3 Pitch 7.4 11.2 51.4 2
(b) Conduction to Side Guides
(Water Cooled) 7.6 12.9 69.7 %
(c) Conduction to Top
(Water Cooled) 7.2 14.9 106.9 %
[
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EXISTING IMPROVED PERCENT
PARAMETERS SEM SEM INCREASE

(3) 2A DIP Frame

(a) Direct Air Impingement
(15 Ft./Sec) and .3 Pitch 10.8 14.3 32.4 4

(b) Conduction to Side Guides
(Water Cooled)

Vertical Cutouts 4.0 6.0 50 %
Horizontal Cutouts - 8.2
(c¢) Conduction to Top
(Water Cooled)
Vertical Cutouts 9.3 13.8 48.4 %
Horizontal Cutouts - 8.4
(4) 2A Center Frame
(a) Direct Air Impingement
(15 Ft./Sec) and .3 Pitch 18.6 27.9 50 %
(b) Conduction to Side Guides
(Water Cooled) 7.3 12.0 64.4 %
(c) Conduction to Top
(Water Cooled) 15.6 30.0 92.3 %
c. Input/Output Connector (Pins)
(1) 1A DIP and Center Frame 40 40 0
(2) 2A piP and Center Frame 80 100 25 %

2. Producibility of the improved SEM T-Top frame configuration at a
reasonable production cost using volume production techniques has !
yet to be demonstrated. Potential production techniques and industry 4
sources have been defined, but require verification through hardware ;
fabrication. ﬁ

3. Optimal compatibility between existing and improved SEM hardware will A
be achieved in the ISEM card cage development. From a mechanical view-

point, one-way compatibility will exist, i.e., existing and improved SEM
can be mixed in the future ISEM card cage.

I-2
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Use of the 100-pin input/output connector can result in a significant
deformation of the - 3p plate, approximately .050 inch, at the maximum
specified insertion force. A card cage structural design technique to
reduce the bowing effect has been determined.

A simple, inexpensive module extractor design has been developed. Be-
cause of dimensional differences between the 1A and 2A configurations
and card cage guide rail heights (for existing and new equipment de-
signs), four extractor configurations are possible as follows:

a. 1A Module (existing card cage designs)
b. 2A Module (existing card cage designs)
c. 1A Module (new card cage designs)
d. 2A Module (new card cage designs)

[-3
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1I.  RECOMMENDATIONS

Producibility of the improved SEM T-Top frame should be demonstrated as
part of the FY78 SEM R & D program to verify that the frames can be pro-
duced at reasonable cost using volume production techniques.

Design and development of card cage structures should be pursued as part
of the continuing SEM R & D program to realize full advantage of the
potential thermal capabilities of the improved SEM configurations.

SEM program documentation should be updated to reflect the improved SEM
configurations.

The proposed module extractor design should be more fully eviiu.led to
verify the effectiveness of the approach and to examine whether the four
configurations could be reduced to two configurations.

The need for a hybrid "deep dish" 2A frame design should be examined.
It is believed that this configuration will be required, based on in-
creasing usage of hybrid circuitry. If the use is verified, funding
should be made available for its development.

——— e —— - —— ———————
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IIT. INTRODUCTION

This report summarizes the data from the various engineering studies,
analyses, and testing; identifies the resulting improved SEM configurations;
and provides conclusions and recommendations related to this effort and
proposed future SEM packaging tasks.

During FY 1976 a series of developmental module studies was conducted
under the auspices of the Standard Electronic Modules (SEM) Exploratory
Development (6.2) Program. The objective of these studies, conducted by
the Naval Avionics Center, Indianapolis (NAC) and the Naval Weapons Support
Center (NWSC), Crane, was to identify a family of conceptual standard module
configurations with controlled electrical, mechanical, and thermal
interfaces which would be compatible with large electronic functions having
multisystem commonality. As documented by page 1-1, these studies
concluded that the improved SEM family is considered to be the optimum
selection for a new module family. The improved SEM family is defined as a
module family retaining the existing SEM (1A, 2A, and 2B) overall module

top surface of the module, the side guides (ribs) extended within .050 inch of

the full height of the module and increased from .090 inch to .150
inch per side in span, and the 2A 80-pin connector expanded to 100 pins.

dimensions with the circuit board area extended within .050 inchlof the g

DQuring FY 1977 NAC and NWSC, Crane were assigned the task of developing
the improved SEM 1A and 2A concepts into hardware configurations. Specifi-

it A

cally, the objective of the FY 1977 SEM exploratory development assignment
was to implement and evaluate thermal and mechanical design concepts for the
improved SEM 1A and 2A center frame and DIP configurations. The module

L
PRRIRTIE R (7 s

tasks included under this effort were the following:

Thermal design
Mechanical design
Producibility analysis

-1
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P

SEM/ISEM compatibility analysis
Module extraction design
Card cage interface considerations

The approach to the accomplishment of these module tasks was as defined
by the following task descriptions.

1. Thermal design - Using a preliminary improved SEM mechanical
configuration, a thermal scheme was defined for the module from the device
case to the ultimate heat sink allowing for both conduction and convection
cooling. A thermal model was developed, and the thermal characteristics/
profile of each of the module configurations predicted. Thermal load
modules were fabricated and subjected to extensive laboratory testing in
both conduction and convection cooling modes. Thermal results were used to
determine/modify the module guide rib configuration and the module top
surface configuration.

2. Mechanical design - Mechanical studies and analyses were performed
to establish the mechanical and physical aspects of the module configuration.
Design considerations included frame material, frame thickness, connector
attachment, board/substrate attachment, module pitch, and structural
rigidity for mechanical environments.

3. Producibility analysis - Studies were performed to ensure a
producible design at a reasonable cost. Design considerations included
mechanical tolerances; adaptability to stamping, forming, and/or extruding
operations; and tooling costs.

4, SEM/ISEM compatibility analysis - The compatibility of existing
SEM with the proposed improved SEM configurations was analyzed to ensure
maximal compatibility between the two module families. Considerations
included mechanical and thermal compatibility at the card cage level, and
the effect of the 2A module 100-pin connector on the back panel and card
cage structure design.

I1I-2
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5. Module extraction design - A module extractor design
was developed for improved SEM. Design considerations included
mechanical advantage, compatibility with card cage "end" modules,
design simplicity, and low production cost.

6. Card cage interface considerations - Mechanical and thermal
interface design characteristics were analyzed to ensure compatibility
and minimal thermal resistance between the improved SEM and the
card cage. Design considerations included tolerance build-up, module
top surface flatness, guide rib configuration, etc.

Deliverables included as part of the FY 1977 SEM R&D module
effort were as follows:

1. Engineering drawings for

. module frames
. printed circuit board outline
. 100 pin connectors

. module extractors
2. Prototype hardware

. improved 1A DIP frame (5 each)

. improved 1A center frame (5 each)
. improved 2A DIP frame (5 each)

. improved 2A center frame (5 each)
. 2A module extractor (2 each)

I11-3




[T N M O U ¥ e 2 3AE 'm-ur’q

NAC TR-2217

IV. THERMAL DESIGN

COMPUTER-AIDED THERMAL MODELING

1. Computer-aided thermal modeling was utilized to characterize the
thermal resistance patterns of several Improved SEM (ISEM) and existing
SEM module frames. The purpose of the modeling was to provide specific
frame thermal resistance data so that power sizing could be made for each
module frame design under consideration. In addition, the modeling re-
sults allowed direct comparison of existing SEM and Improved SEM frame
thermal performance at both the intra-module (qualification) and system
Tevel. The computer modeling results combined with the empirically
derived system-level thermal interface data (both convection and conduc-
tion) provided the thermal parameters necessary to predict maximum
module power dissipations for modules utilizing the various frames
considered.

This computer analysis involves the thermal characterization of both
existing SEM and ISEM frame designs. The following frame designs, with
their respective component populations, were analyzed:

FRAME DESIGN COMPONENT POPULATION
SEM 1A DIP FRAME FIVE 16-PIN DIPS
SEM 2A DIP FRAME TWELVE 20-PIN DIPS
ISEM 1A DIP FRAME NINE 16-PIN DIPS
ISEM 1A DIP FRAME ngEE 16-PIN DIPS + ONE 24-PIN
ISEM 1A CENTER FRAME TWENTY-FOUR 16-PIN FLATPACKS
ISEM 1A CENTER FRAME TWELVE 24-PIN FLATPACKS
ISEM 2A DIP FRAME SIXTEEN 16-PIN DIPS
ISEM 2A DIP FRAME SIX 16-PIN DIPS + FOUR 24-PIN
DIPS
ISEM 2A CENTER FRAME FORTY-EIGHT 16-PIN FLATPACKS
ISEM 2A CENTER FRAME TWENTY-EIGHT 24-PIN FLATPACKS
Iv-1
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The heat conducting ribs in the existing SEM DIP frames were oriented
vertically for this analysis, whereas the ribs on the ISEM DIP frames
were oriented horizontally. 1If one is interested in the frame hotspot
to fin thermal resistance for an ISEM DIP frame with a vertical rib
orientation, the resistance values foran existing SEM DIP frame can be

used with negligible error.

Thermal resistance solutions were obtained for all frame designs and
component layout configurations using three metal alloys having different
thermal conductivities: aluminum alloy 5052, aluminum alloy €101, and
copper alloy 113. The existing SEM frames are currently being manufac-
tured with aluminum alloy 5052, although this analysis renders resistance
values for all three metal alloys. The heatsink frame thicknesses used
in this analysis were .050 inch for the DIP frames and .032 inch for the
center frames.

The DICAP version of the Cybernet Services' Syscap II circuit analy-
sis program was used to solve for the frame node to heatsink thermal

resistance values. All frame designs were modeled using thermal resis-
tance networks with the node temperatures being solved by the computer. §
The Syscap II program has the capacity for a 255 node model. The heat- 4
sink for the model was assumed to be 0°C at either the fin or the guide

rib or at both the fin and the guide simultaneously. Therefore, thermal

resistance values were solved for three conditions: (1) heatsink at

the fin, (2) heatsink at the guide rib, and (3) heatsink at both the

fin and the guide rib. Thermal resistance values for condition (1) |
would be useful in calculating module power capacities whenever forced- '

air fin cooling or fin conduction into a top-mounted coldplate was used

as a system cooling mode. Values from condition (2) would be useful in

calculating module power capacities whenever guide rib conduction

cooling into a card guidecold plate was used in the system. Condition

(3) represents a system cooling mode whereby heat is conducted through

both the fin and the guide rib simultaneously, while maintaining the

same fin and guide rib interface temperature. It should be noted that

Iv-2
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the thermal resistance values obtained from this analysis must be combined
with other resistances (junction-case, case-frame, fin/guide rib-system
heatsink) in order to compute the module power dissipation capacity.

2. For the purpose of this report, the method for the development of
the ISEM 2A DIP frame thermal model will be used as an example. All
other frame design models were developed in a similar manner. The ISEM
2A DIP frame used in this example is populated with sixteen 16-pin DIPS.

The first step in developing the ISEM 2A DIP frame model was to
select node locations based on the mechanical dimensions of the frame
and the location of the frame cut-outs for DIP lead clearances. Figure
IV-1 shows the node layout pattern with associated node locating dimen-
sions for half of the ISEM 2A DIP frame. Only half of the frame was
modeled because it is symmetrical about the frame centerline, as shown.
Referring to Figure IV-1, nodes were placed at the center of each DIP
to permit heat source loading over the frame. All nodes were numbered
(row, column) as in a cartesian coordinate system. Nodes were vertically
and horizontally aligned wherever pussible. In this example, node 42
was not vertically aligned with any other node because more resolution
was needed to model the frame transition section between the fin and the
guide rib., The guide rib nodes were placed 0.150 inch from the outside
edge of the guide rib and the fin nodes were placed 0.070 inch from the
top of the fin. The width of the top of the fin was not considered as
a heat conducting element, although the impact of this assumption is
addressed later in this report.

The next step in developing the ISEM 2A DIP frame model was to specify,
code, and calculate the branch resistances shown in Figure IV-2. As
shown in Figure IV-2, each resistor in the network was coded in accordance
with Syscap Il program instructions. RH resistors represent horizontal
resistances, whereas RV resistors represent vertical resistances in the
network. Current sources (113, 123, 133, etc.) were placed at each DIP
component node location to simulate heat source loading at that point.

Iv-3
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The heat input into each current source node was 0.5 watts/#DIPS, result-
ing in a total module power of one watt, since only one-half of the frame
was modeled. Because the fin and/or guide rib interface acts as the sink
at 0°C {ground potential), the resultant computer output node temperature
can be read directly as thermal resistance, in °C/module watt. Figure
IV-2 also shows perimeter resistors (RH10, RH20, RH30, RH40 and RV42
through RV46, inclusive) which allow either the fin or the guide rib or
both the fin and the guide rib to be switched to ground potential. These
resistors have values of 0.01°C/watt to effect a short circuit to ground
(infinite heatsink).

Table IV-1 shows the resistance value calculations which were made
for each branch resistor using aluminum alloy 5052. Most of these
resistances are calculated from the one-dimensional Fourier steady-state
heat conduction equation:

R = L/KA
Where: L = length of heat transfer path (inches)
K = thermal conductivity of alloy (watts/in-°C)
A = cross-sectional area of heat transfer path (in?)

For the metal alloys used in this analysis, the thermal conductivities
are as follows:

3.51 watts/in-°C
5.48 watts/in-°C
9.90 watts/in-°C

(aluminum alloy 5052)

(aluminum alloy 6101)

_ N X

(copper alloy 113)

The resistances RH11l, RH21, RH31, RH15, RH25, RH35, and RV36 are actually
a combination of a one-dimensional resistance and a two-dimensional
spreading resistance. PH41 is solely a two-dimensional spreading resis-
tance. The methodology for calculating the spreading resistance portion
for RH21 is shown in Figure IV-3. The other spreading resistances were
calculated in the same manner. Figure [V-4 shows the method for

V-6
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TABLE IV-1

CALCULATION OF KESISTANCE VALUES
ISEs 2N W1TuL SIXTEEN 16-pPIN LIPS, ALLOY 5052

KES IS Ok 2 L1 L1 L 4 .
NAME L,in A,IN A, IN A sp,IN atot, Iu 1, U/w
Kud3 (43,44) .320 .05(.14) 117.14 =mmmmmme 117.14 33.37
WHB4 (44,45)  .o20  .05(.14) 117.14  ~e==—=mm 117.14 33.37
RHA5 (45,46) .470  .05(.26) ©67.14  =em=——-- 07.14 19.13
)33 (33,34) .20 .05(.18) 102.50  =mmm——-- 102.59 29.20
Ra34 (34,35)  .820 .U5(.16) 102,950  =emmm——-- 102.50 29 .20
£623(23,24)  .820 .03 (.lo) 102.50  =em————- 102.50 29 .26
haZd (24,25)  .820 .05(.16) 162.50  =m=—me-——- 102.50 29,2
Knl3 (13,14) .820  .05(.16) 102.50  =em=m——e 102.50 29.20
hesld (14,15) 520 .05(.18) 102.50  =——=-——- 102.50 29.20
RVI1(11,21) .400  .05(.290) 27.59 —mmme-e- 27.59 7.06
rv21(21,31) .400  .05(.250) 27.59 —emm——-- 27.59 7.56
kv31(31,41) .200  .05(.290) 13,79 —mmme—e- 13.75 3.953
K16 (lo,26) .400  .u5(.05) 160,60  =m==——-- 150.00 45.53
AVZ26 (26,30)  .400  .C5(.05) 10U 00 mmmmmme 160.00 45.5¢
Lbd2(42,43)  .306  .05(.14) 56.04  —mm—m——- 53.04 16.54
htd1(41,42) ===m  =mmm——mm —e——ee 10.95  =—me—- 3.13
W£31(31,33)  .445  .05(.16) 55 .04 10.0C 65 .65 16.70
F1.21(21,23) .445  .05(.193) 55.04 10.00 55 . 64 16.70 .
Rull(ll,13) .445  .U5(.10) £5.54 10.50 (564 15.7C ‘
ni35(35,36)  .445  .05(.lo) 55.64 2.6 56.44 16.65
Ln25 (25,26)  .445  .U5(.18) 55.54 2.30 58.44 16.55 ,
Lnl5(15,10)  .445 LG5 (.1H) L eed 2.80 58 .44 Lh £5 §
iV36(36,46) .200 .U (.ud) 79.99 .43 34.42 24.05 A
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From GE's Heat Transfer Uesign Data Book Section G502.%, page 15, using the

chart by E.H. Gale:

400 ~ 200
as= 2 = ,200" a/b = 145 = 1.379

.290 .080
b= 27 = ,145" w/bh = 7145 = 552

.160
w= 2 = ,080" h = material thickness = 0.050"
F the chart, Ty -T

rom WS L g.50
Tq'/k

Tw - T 1

Rsp =-"q'/k Pk k (5052 aluminum) = 3.51 watts/in-OC

1
= - (-0.50 - '
Rsp ( )&.os)(s.sn = 2.85% C/WATT

SPREADING RESISTANCE CALCULATION FOR RH 21
FIGURE IV-3

V-8
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~1AO
‘The equation for cylindrical spreading is: .. @39
1 Ry L AN
) In -
Rsp = kgt ’ r];

k = 3.51 Watts/in-9C for aluminum alloy 5052

t = material thickness = 0.05"

ro0 = léngth of arc of heat influx = 0;14T

r18 = length of arc of heat flux = 0.29"

r2-ry = average length of trave] 12

ra-ry [(0.29 +0.039)2 + (0.14/2)2] = 0.113"
0 = (rZG -8 ) / (rz-r]) = (.14 - .29) / 0.]13.= -1.327

In (.14/.29) _
Rgp = T3.51) (-1.327) (.05) = 3.130C/WATT

"

CYLINDRICAL SPREADING RESISTANCE CALCULATION FOR RH 41

FIGURE IV-4

IvV-9
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calculating RH41. The heat flow through this sectior was approximated by
cylindrical spreading.

Resistance calculaticns similar to the ones in the forejoino example
were performed for all frame designs. (alculations were intially per-
formed for aluminum alloy 5052 and then scaled by the ratio of the thermal
conductivities to cbtain values for alumirum allsy 6101 and cooper alloy
113. These resistance data subsequently were used as an innut to the DICAP
circuit analysis program.

3. Table IV-2 shows a summary of tne hotipot frame node to fin or guide
rib resistances for all frame desians and metal alloys. Thermal resis-
tance values for aluminum alloy 6101 and copper alloy 113 are listed for
existing SEM, although these frames are nct currently manufactured using
these alloys. In all subsequent ccmparisons. aluminum alloy 5052 will
be used for existing SEM frames. The existing SEM 1A and SEM 2A center
frames were not included in the modeling analysis because they were
judged to be essentially a thermal equivalent of the ISEM center frames,
assuming the same metal alloy is used.

Current SEM program thermal requirements specify a maximum allowable
temperature rise 0f 45°C from the junction of the component to the fin
(with no heat losses through the quide ribs) and to the guide ribs (with
no heat losses through the fin}. These requirements have to be met,
regardless of system cooling method., and are verified during module
qualification by actual thermal testing. As a result, when predicting
the maximum "qualification power" for a specific frame design and com-
ponent layout, one must use the maximum thermal resistance value, regard-
less of whether it's to the fin or to the guide ribs. Using this
rationale, maximum "qualificaticn powers" were calculated for ISEM and
existing SEM based on a maximum temperat.ure rise of 45°C from junction
to heatsink interface (fin or guide rii). These maximum power values
are shown in Table IV-3 for selected frame designs. These values were
based on junction to frame thermal resistances of 35°C/component watt

[V-10
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for DIPS, 60°C/component watt for flatpacks, and reflect the use of two
.035" thick alumina substrates for the center frame designs.

Perusal of Table IV-3 shows that maximum qualification power values
for AL 6101 and CA 113 were not presented for the existing SEM frame
designs. This was done because existing SEM frame tooling exists only
for AL 5052 and re-tocling these frames for different metal alloys may
require significant tooling investments for both extrusion and stamping
operations. Because of the poor thermal conductivity of AL 5052 (3.51
watts/in-°C) compared to AL 6101 (5.48 watts/in-°C)}, the momentum of
the FY-77 SEM packaging effort has been carried toward the manufacture
of ISEM frames with AL 6101 and CA 113. For this reason, power values
for ISEM frames using AL 5052 were not presented.

Because of improvements in the frame thermal conductivities and the
increased component populations for ISEM, significant benefits are
realized over existing SEM for maximum qualification power. For the
1A DIP frame, ISEM offers power improvements ranging from 7%-24% for
AL 6101 and from 55%-58% for CA 113. For the 2A DIP frame, ISEM offers
power improvements ranging from 39%-76% for AL 6101 and from 102%-157%
for CA 113. Likewise, for the 1A center frame, ISEM power improvements
range from 52% for AL 6101 to 81% for CA 113. For the 2A center frame,
ISEM power improvements range from 54% for AL 6101 to 122% for CA 113.

A review of Appendix A of this report reveals that, in most system
cooling mode conditions, ISEM modules can dissipate more power than the
amount which is able to be qualified (per SEM program thermal require-
ments). As a result of this disparity between system power and qualifi-
cation power, the module thermal design may require use of a copper
alloy DIP heatsink frame for module powers in excess of 6 watts for the
ISEM 2A and in excess of 3.6 watts for the ISEM 1A. The ISEM 1A and
ISEM 2A center frame modules, as seen from Table IV-3, are capable of
qualification for powers up to 11.5 watts and 11.2 watts, respectively.

IV-14
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Some adjustment or additions to current SEM qualification specifications
may be desirable to better take advantage of water cooled card cages,
direct air impingement, and other parameter changes since the specifica-
cations were originally written.

The width of the top of the fin in the computer model, as a heat
conducting element, was neglected. Concerning this, a separate computer
solution was made considering the ISEM fin top as being .270 inch wide
and .050 inch thick along its length. This solution was for the ISEM
2A DIP frame with sixteen 16-pin DIPS, and revealed a 6% reduction in
the hotspot to guide rib thermal resistance with no change in the hot-
spot to fin thermal resistance. Even less error will result for the
center frame designs, because there is a much Tower thermal resistance
to the guide ribs inherent in the design.

In summary, this analysis has revealed that the ISEM frame designs
offer significant thermal advantages over existing SEM. Maximum quali-
fication powers for AL 6101 ISEM 1A module frames range form 3.60 watts
for the ISEM 1A DIP frame to 11.50 watts for the ISEM 1A center frame.
In comparison, existing SEil 1A frames are capable of qualification
powers ranging from 2.90 watts for the 1A DIP frame to 7.55 watts for
the 1A center frame. Likewise, comparable ISEM thermal advantages were
revealed for the 2A frame designs. For AL 6101 ISEM 2 A frames, qualifi-
cation powers range from 5.84 watts for the ISEM 2A DIP frame to 11.20
watts for the ISEM 2A center frame. On the other hand, existing SEM
2A qualification powers range from 3.20 watts for the SEM 2A DIP frame
to 7.26 watts for the SEM 2A center frame.

For greater detail on the computer solution to the Computer-Aided
Thermal Modeling, refer to Standard Electronic Modules Exploratory
Development Program Improved SEM Thermal Analysis, FY-77 Final Report
of 30 November 1977, by Ron B. Lannan and Larry E. Nash of NWSC, Crane.

IV-15
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B. THERMAL TESTING *

1. Thermal testing was performed in several areas to determine the
heat dissipating capabilities of the ISEM module frame. Load module
frames, printed wiring boards, and systems hardware were designed and
fabricated to provide realistic data.

] Testing was conducted for forced air convection over the fin, direct
air impingement upon the components, conduction cooling through the "T"

fin "ear", and conduction cooling through the fin. The .280" wide "T"
and the standard .180" wide "L" fin configurations were both evaluated
for the fin conduction and convection testing. Conduction cooling through
the guide rib was investigated using recent test data collected under
Government contract. !

A1l tests were conducted with 2A size DIP load modules. Power
capacities appearing in this report for 1A size modules are extrapolated
from data collected on 2A modules.

2. Based on thermal testing results, the ISEM module frame exhibits improved
thermal performance over the existing SEM frame in every cooling mode.

For forced convection over the fin, the improvement is slight at
moderate velocities with no improvement at the higher velocities. It
can reasonably be stated that in most instances there would be no penalty
associated with using the ISEM "T" fin for this common mode of cooling.

Direct air impingement offers one of the brightest prospects for
increased cooling capacity. In this mode, the ISEM's superiority over
existing SEM IS chiefly attributed to the increased component mounting area
wnich aliows more components per module. System pressure drop may be-
come critical in some instances, but generally would not pose an insur-
mountable problem. The benefits of a .4" system mounting pitch versus
a .3" pitch would generally have to be weighed for each specific

IV-16
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situation. For the majority of instances, a moderate velocity of 15'/
sec and .3" mounting pitch would be more than adequate, thermally.

The ISEM module frame interface surfaces with the card cage
are vastly improved over those of existing SEM. The improved side
guide and fins offer increased areas to substantially reduce thermal
resistances across the interfaces. The improved side guide, together
with its corresponding improved clip, exhibit thermal interface resis-
tances of approximatelyone-half that associated with the existing con-
figuration. Likewise, the improved fin exhibits one-fourth the inter-
face resistance of the conventional .180" wide "L" fin. This is
attributed to the increased area of the "T" and the typical underforming
of the "L". This underforming reduces the interface area ratios more
than the ratio of the two fin areas and, in some severe instances, creates
a line contact with the cold plate. The "ear over" configuration, fiqure A-10,
was envisioned as a supplemental interface for conduction into the card guide.
From test data, it can be seen that if the "ears" are not clamped down, an
adverse effect can result. If one considers the "ear" interface resistance
in parallel with an IERC clip interface resistance, there will be approxi-
mately a 4.5 percent increase in module power capacity. This is for an
AL 6101 alloy ISEM 2A populated with sixteen 16-pin DIPS.

A1l projected module power capacities assume aluminum alloy 6101.
Power capacities may be increased by using copper alloy CA 110 or CA 113.
For certain frame configurations, power capacities may be increased by
as much as 50% with copper.

Power capacities are also influenced by device populations. In this
study, certain device populations were arbitrarily assumed to arrive at
a power capacity. These assumptions may not be valid for all module
designs. For instance, the 1A ISEM DIP frame capacities are for a device
population of nine 16-pin DIPS, however, from a producibility aspect, it
may be unfeasible and one would maybe only populate the module with six

[v-17
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16-pin DIPS. In the latter case, the power capacity {assuming uniform

loading) would be less than for the former case.
For detail on the testing, see Appendix A.
CONCLUSION )

1. As a result of the improvements in frame material thermal conduc-
tivities and the 30% increase in available component mounting area, ISEM
modules offer power capability increases at the module level over existing
SEM modules from 24% to 157%.

2. For ISEM 2A DIP frame modules with power dissipations in excess of
approximately 6 watts, copper alloy heatsink frames may be necessary
to meet SEM program thermal requirements. Use of a copner alloy frame
increases module capability to approximately 9 watts.

3. ISEM 1A and ISEM 2A center frame modules with AL 6101 heatsink frames
can meet SEM program thermal requirements for power dissipations up to
approximately 12 watts. Use of copper alloy heatsink frames for these
medules can increase power dissipation canability to 14 watts and 16
watts, respectively, for the ISEM 1A and ISEM 2A center frame modules.

4. Direct air impingement upon the components offers the highest power
capacity of the investigated system cooling methods. The investigated
cooling methods are listed below, in order of descending power capacities.

Direct Air Impingement
Conduction to the Fin Interface i
Conduction to guide rib interface

a o T o

Force convection across the fin. g

5. Direct air impingement power capacity for a ISEM 2A center frame
module ranges from a high of 40 watts at .4 inch spacing and 25 ft/sec '

Iv-173
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air velocity to a low of 17 watts at .3 inch spacing and a 5 ft/sec
air velocity. These capacities are based on 45°C air and 105°C
maximum junction temperature.

6. Pressure drop is significantly higher for direct air impingement
than for convection over the fin.

7. The ISEM "T" fin is slightly superior to the SEM "L" fin for fin
forced convection cooling. The fin-air thermal resistance and the
system pressure drop are both lower for ISEM than for SEM.

8. Based on system thermal performance, the following card cage
configurations were determined to be optimum for the noted cooling
conditions and for both segregated and integrated SEM/ISEM packaging.

i ¢ e ol o

Cnoling Mode Card Cage

1. Fin force-air convection Standard height

2. Guide rib conduction Extended height

3. Combination of 1 and 2 above Standard height
Iv-19
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V. MECHANICAL DESIGN

BACKGROUND

1. The objective of this task was to perform mechanical and structural
analyses and to establish the mechanical and physical aspects of a new
module family. Main emphasis was on greater thermal capability and

on higher circuit density while maintaining compatibitity with the Stan-
dard Electronic Modules (SEM) program. The two configurations of interest
were the center frame module and the offset moduie (DIP frame medule;.

Table V-1 is a summary of existing SEM and the new module family,
Improved SEM (ISEM), overall physical characteristics.

MECHANTCAL ANALYSIS

1. Since the primary mode of heat dissipation considered for existing SIM
has been conduction, this was also the primary mode investigated for the new
module. Other modes of heat dissipation, such as direct air impingement.
were studied, but the mechanical design was centered around conduction

cooling.

The equation given for heat conduction through a solid, with a
uniform temperature distribution along the path of flow with a constant
cross-sectional area, is given as:

-

Wdhere: q = the heat flow ?
K = the thermal conductivity of the materia: ;
A = the cross-sectional area normal to the direction of
heat flow ,
3T = the thermal potential 3
X = the length of the heat flow path 2

y-1
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As can be seen from the equation, the heat flow increases as the
length of the heat flow path decreases and the cross-sectional area,
thermal conductivity of the material, and the thermal potential in-
creases. Since this section deals with the mechanical analy-is of the
module, the variables K, A, and AX were considered as follows:

a. The thermal conductivity of the frame, K, directly affects the
conduction cooling of the module; therefore, the material should be
selected with a high thermal conductivity. But, the material also
determines possible fabrication techniques, as well as strength

and weight of the frame. Therefore, the selection of a material

is the result of optimization between all factors that were con-
sidered. Further discussion into the material selection is given
at the end of the mechanical analysis. ‘

b. The cross-sectional area plays an equally important role in

the amount of heat dissipation by conduction cooling. For inter-
faces between the component and the frame and between the frame and
the card cage and/or cold plate on top of the module, the cross-
sectional area normal to the direction of heat flow is the thermal
contact surface between the interfacing parts. Because of this fact,
the side guides on the new module were increased to .150 inch wide,
instead of .090 inch wide as on existing SEM. The height of the guides
was increased from 1.086 to 1.450 inches. The result of doing this
was to increase the amount possible of surface contact area of the
frame to the card cage by 221.9%.

The other interface consideration was conduction cooling to a cold
plate on top of the module. This method of cooling presents a problem
of obtaining a low thermal interface resistance between the cold plate
and the modules.

Thermal interface resistance between a module and the cold plate is
due primarily to four factnrs:

V-3
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(1) Flatness and surface finish of the top of the module;
(2) Flatness and surface finish of the cold plate;

(3) Amount of contact pressure between the module and the
cold plate.

(4) Size of the interface area.

The flatter the mating surfaces between the module and the cold
plate, the more contact surface area would result. But the flatness
of either module or cold plate cannot be closely controlled without
machining. From a production standpoint, the less machining reguired,
the cheaper the part. Therefore, machining should be kept at a minimum.
1f machining was completely eliminated, most fabrication processes can
hold a flatness within .010 to .020, depending upon the size of the
part. If both module and cold plate were held to this flatness, there
could be locations along the mating area between the module and the cold
plate with a .030 gap at nominal conditjons. The thermal resistance of
the thermal joint can be lowered by pressing the two mating parts
together to force the two parts to conform to each other's irregu-
larities. The ISEM utilizes Belleville washers to apply an upward
force to produce this contact pressure. Figure V-1 shows a card cage
setup in which conduction is via a cold plate contacting the module top
surface.

Another problem of getting surface contact between all the modules
in a system and a cold plate arises because of the total tolerances
involved in the height of the modules, the height of the wrap plate
bushings and the thickness of the wrap plate. A module can be as
much as .025 inch taller than another module. To compensate for
this potential difference, the Belleville washers again are used to push
each module the distance required for good contact. The insert depth of
the connector into the bushing is .150 inch. The possible loss of
.025 inch in connector contacts due to the Belleville washers should

V-4
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not degrade the electrical connection between the module and the
wrap plate.

The Belleville washers must apply a force greater than the ex-
traction force of the module; and, the travel distance in which the
force is continuously applied must be greater than .025 inch.

The maximum extraction force per pin for the connector is ten
ounces. Therefore, the extraction force required for a forty-pin
connector used on a 1A module could be 25 Tb, or 12.5 1b_ per row.
For the 2A module with one hundred pins, the extraction force could
be 62.50 ]b; or 31.25 1b; per row.

Another means of reducing the thermal interface resistance would
be to increase the possible contact surface area between the module and
the cold plate. This is accomplished by fabricating a top which is in
the shape of a "T", rather than an "L", as on the SEM. Figures V-2 and
V-3 show the differences between the SEM and ISEM for a 2A mo~1le. The
"T" is .270 inch wide and 5.280 inches long, while the SEM's L' is .180
inch wide, 5.320 inches long, for the 2A dip frame, Figure V-3.

Because of the bend radius on the "L" top, the maximum possible
contact area is:

5.320 x (.180 - .070) = .585 in”

The maximum contact area for the "T" top is:

5.280 x .270 = 1.426 in-

Therefore, the "T" top provides 2.43 times as much contact area.

V-6
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The final thermal interface consideration is between the component
and the frame. Since the total contact area depends mostly on the
component which is defined in MIL-M-38510C, it is beyond the scope
of this task to analyze this area.

For heat flow through the frame, the greater the cross-sectional
area, the greater the heat flow. In the case of the DIP frame in
which cutouts are present, increasing the rib width and the frame
thickness would increase the thermal conduction to the side guide
or the "T" top. In increasing the width of the ribs, Figure V-4
shows the maximum width of the ribs. As for the thickness, Figure
V-5 shows the maximum allowable thickness.

SEM allows a .150 inch rib width and a .050 rib thickness.
ISEM uses a .160 rib width, but keeps a .050 inch rib thickness,
even though Figure V-5 shows it can only be .040 inch maximum.
Continuing with .050 inch is justifiable, because the DIPS available
do not reach the maximum height allowed by MIL-M-38510C. In addition,
the advantage of being able to use the SEM connectors, offsets the
very small chance that the DIP height would cause the module to ex-
ceed the boundaries for .300 pitch.

For the center frame module, the same holds true. If the cross-
sectional area increases, so does the thermal conductivity. In this
case, only the frame thickness can be changed. Figure V-6 shows the
calculation for the maximum thickness for a .300 pitch module.
Figure V-6 indicates that a .034 inch thick frame is possible, but
a .030 inch frame was chosen for compatibility with SEM connectors.

¢c. The final variable in increasing the thermal conductance is the

length of the heat flow path from the component to the card cage or
cold plate.

V-9
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CALCULATIOWN OF mAX14UM KRIB WIDTH

;‘ ® ®
T B

Y [
R\B ®D|P @\ P DiA

WITHOUT LOCATIONAL TOLERANCES OF THE FRAME RELATIVE TO THE DIP:

e— O —o

— D -

Fmax = b - P - 2 (9)

|9

.290 MIN. 1AW pIL-%=-38510C

p .65 PAD DIA.

5 = .020 MIN.
THEKEFORE :
rmax = .29 - .065 - 2 (.020) = .1GS

TAKING INTO COUNSIDERATION LOCATIONAL TOLELRANCES OF TirE FRANE
RELATIVE TO THLb DIP:

KIB WIUTH TCLERANCE ======—mmmmmmmmm oo .010
TOLERANCE FROM THE RIB TO wub RIVET HOLES --==-=—=-- .007
TOLERANCE FxOM LOCATIONAL RIVLT HOLE TO DIP HOLES - .003

LOTAL TOLEKANCE =——— - s oo oo o me .025

Fmax = .185 -~ .025 = .160

FIGURE V-4
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CALCULATION FOR THE MAXIMUM FRAME THICKNESS FOR A DIF
FRAME ON .30 PITCH

.185 MAX., PER MIL-[{-38510C

Q Tmax

FRAME ﬂ\
| Z\
/\
| | é\
[ /\
x/f__..//\
A
N
DIP —/ ZK

|| Z\ PRINTED CIKCUIT BOARD
b NP
H §
. N:’
N

ﬁ /__ MIL-C-28754/12
— .05 £ .005
275
1 +.005 "“*
i
|
Tmax = .290 - [(.055 + (.290 - .270) / 2) + .185]
Tmax =

. 040 ( this assumes that the dip will reach the
maximum allowable height)

FIGURE V-5
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CALCULATION FOK THE aaX1at!M FRAME TAICKNLESS FOR Thab
CENTLR FRAME ON .30 FITCAH

Amax
Xmax

o

—— t—d— . 085 MAX,
— e 035 MAX.
e M MAX
>y
' FRAME
o \ 50
KV N |
| Y \,‘ '
! %
(I \ ‘
N
A

LEADLESS CAKRRIERS

SUBSTRATES

«290 -
.034

.28
.27

{.085 +

N \I1.-C-28754/6-02

k-

.035 + ,008 [solder + adhesive]) x 2

FIGIRE V-6
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For the dip frame, the length of the heat flow path depends
upon the rib configuration. The shortest thermal distance for con-
duction to a top cold plate would be a frame with a vertical rib
configuration. For conduction to the card cage, the shortest thermal
path would be a frame with a horizontal rib configuration. Both of
these configurations may be used with the ISEM, since the ISEM can
accommodate both card cage and top cold plate conduction cooling. To
standardize a particular rib configuration, the criteria of component
density was used. From Table VI-1, the maximum component density
occurs on the horizontal rib configuration. Since the width of the
component area on the ISEM is the same as on the SEM and the height
of the ISEM cannot accommodate two rows of DIPS vertically, using
a vertical rib configuration on the ISEM gives nearly the same DIP
population as on the SEM. With a horizontal rib configuration, three
rows of DIPS can be fitted into the added height of the ISEM, while
the SEM could only fit one. This results in the higher DIP density
of the horizontal rib configuration. Figure V-7 shows an ISEM module
with components.

d. The center frame module has no problems concerning direction of
heat flow, since there are no frame cutouts.

e. Some of the more exotic printed wiring boards which are designed

for greater heat transfer by conduction are the aluminum core boards
and the ceramic on metal boards.

The advantages of using these printed wiring boards are:

(1) Frames for DIP and center fin module could be eliminated,
reducing the module cost due to tooling and frame fabrication.

(2) Module assembly would be cheaper and simpler due to the
elimination of the frames.
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(3) The thermal conductivity for the DIP frame would be higher,
since there would be more material available.

(4) Different frame configurations required for different
conditions for the DIP module would be eliminated.

2. The material for the frame requires the following properties, as a
result of the mechanical analysis:

a. It should have a high thermal conductivity.

b. It should be ductile and forgeable, since the fabrication pro-
cess is by impact extrusion. The reason for using impact extrusion
is discussed in Section VI.

c. It should be corrosion resistant.

d. It should have a high yield strength to be able to withstand
extraction forces, insertion forces, and contact pressure forces
exerted by the Belleville washers.

e. It should be inexpensive.
f. It should be readily available.

Table V-2 gives a list of possible material to use for the frame.
The SEM uses aluminum 5052, the common aluminum used for forming. Its
properties are all very good, except for the thermal conductivity and
forgeability. When compared with aluminum 1100 or 6101, the thermal
conductivity of aluminum 5052 is only 63.6% of the other two. Both
aluminum 1100 and 6101 are forgeable. Aluminum 1100 has a slightly
higher thermal conductivity than 6101, but shows a lower yield strength.

It is desirable to have a high yield strength, since the thickness of
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the DIP frame is only .050 inch, while the center frame is only .032
inch. With regard to availability, aluminum 1100 is very common, while
the 6101 can be obtained only in large production quantities, in excess
of 1000 1b per purchase.

The thermal conductivity for copper is even better. It is 1.796
times more thermally conductive than aluminum 6101, and possesses good
ductility, availability and strength. But copper does have a few draw-
backs. It is 3.263 times heavier than aluminum and 3.892 times more
expensive by volume. If copper is considered from a system standpoint,
with regard to power density, a module with a copper frame gives the same
watts per ounce as a module with an aluminum frame, but consumes less
system volume. In other words, more high powered components may be placed
on a copper frame than an aluminum frame for the same watts per module.
This would mean less copper frame modules would be required than aluminum
frame modules for the same number of components required in a system

based on power only. Table V-3 shows the calculation involved. The cost
of using a copper frame, based on the total module cost, comes to an increase
of .05% over that of an aluminum module.

In conclusion, copper may be used for high wattage, small packaging
volume applications, where weight is not a critical factor. If weight
is critical and the total wattage of the module is low, it is more cost-
effective to use aluminum 6101.

C. STRUCTURAL ANALYSIS

1. Because of the requirement for compatibility between the SEM and the
ISEM, and because of component interchangeability between them, the SEM
and ISEM share many of the same structural features. As a result of
this, the method of attaching the ISEM frame to the connector is the same
as the SEM. Figure V-5 and V-6 show how the frame is bonded to the

connector. The cross-sectional area of the tab on the 1A and 2A
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TABLE V-3
CUFPLE / ALUMIGUS LIAME TRALLOFE

COST AND wWibIGL1 TKRADLOLY

PARANETER ALUNINUL! COFPER
CENSITY (PCUNLS PLR CUBIC INCH) . 098 .323
COS1 PeRr POULD (DCLLAES PLR POULD) .51 .60
WLIGHT OF A 2A MODULE (PCULLE) .094 .169
MATEKRIAL CCsT OF A 24 MODULE (LOLLALS) . 048 .10

ASSULIING ThAT 'Trik CCOST O A 2R MOLULL IS 110G DCLLARS PER
MOLULLE, THE CG51 CF LATLWRIAL FCOR LILHER ALUNGINUN CR CORELR
BECOMLS IN51GH1FICANT.

ANALYS1S OF vOwLK DriSITY FOk 30 ISEM MODULES I A 1/4 ATR BOX

PAKAMLTER ALU~LNUN COEPEL CCPPLR
(K=1.5) (XK=2.0)

MODULL WEIGHhT (QUNCLES) 1.5 2.7 2.7

BOX wIThH Ou7T HMOLULES (OUKCLS) 56.2 56.2 56.2

WEIGHT CF BCX DIVIDED bY THE

Nurtbk CF LLOLULES (CUNCLS) 1.87 1.87 1.87

WEIGHT GF MUDLOLT PLUS WEIGHT

OF BCA PLR MCCZULL (CUNCLS) 3.37 4,55 4.55

TnkRNAL RES1STANCE FIOM

Eihvih Rlb TG ALR (C/W) 4.1 4.1 4,1

THERMWAL KESISTANLCE FROM

HEAT OItK TC RIL (C/W) 3.4 2,27 1.7

THELLAL FELSISTANCE FROM

nkAl SILK 10 ALR (C/W) 7.5 6.37 5.8

wWAT1S Pk NODULE 10.0 11.8 12.9
11 ( VA ) y . ) M
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DIP frame and the amount of bonding surface area determines the

strength of the assembly. This calculation is shown in Figure V-8. The 2A
DIP frame also has the problem of a Tong span between attachment to the
connector. This allows a deflection between the attachment point and a con-
sequent weakness, because of the cutouts in the frame. The calculations

for the deflection are in Figure V-9. As a result of this, a center

support has been added to attach the frame to the connector, which helps

in two respects:

a. It helps the frame during handling before the printed circuit
board is added, by rigidizing the frame.

b. It helps dissipate the heat from the center of the module
to the top.

The center frame module does not have the problems of the DIP frame,
because there are no cutouts to weaken the frame structure. The "T"
top helps stiffen the frame, regardless of the .030 frame thickness.

The attachment of the printed circuit board to the frame is similar
for both SEM and ISEM. It is attached by using an epoxy. An added
feature required on the DIP frame is the use of locational rivet
holes. These holes serve the following purposes:

a. help attach the printed circuit board to the frame.

b. can ve used as a locating feature for automatic insertion tocls.

C. help locate components on the printed circuit board,
relative to the frame cutouts.
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2l

BONDING AREA
2

TAB BONDING AREA = (2 x .195 x .110) + (.05 x .195) = .053 IN

2A CENTER TAB BONDING AREA = (2 x .10 x .08) + (.05 x .10) = .021 IN2

SHEAR STRENGTH FOR ADHESIVE (Cl, 200AS179-1) = 1500 PSI MIN

2A MODULE'S FRAME/CONNECTOR BONDING STRENGTH
(.053 + .053 + .021) 1500 = 190.5 1bf

MAXIMUM REQUIRED EXTRACTION/INSERTION FORCE = 62.5 1be

1A MODULE'S FRAME/CONNECTOR BONDING STRENGTH
(.053 + .053) 1500 = 159 1bf

MAXTMUM REQUIRED EXTRACTION/INSERTION FORCE = 25 1bf

CALCULATION OF FRAME TAB STRENGTH

FIGURE V-8
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VI. PRODUCIBILITY

A. FRAME PRODUCIBILITY

1. An item of major concern in the production of the frame is the
fabrication method of the "T" top.

The SEM frame is a sheet metal piece with a bent over 1ip at the

I&j

top. Thus, the use of forming in fabricating the frame can be easily
incorporated. In the case of the ISEM, the requirement for the top to be

in a shape of a "T" changed the whole prospective in fabrication techniques.
Forming, in this case, is still possible but the method in forming the top
must be considered carefully. This forming method consists of bending a
.025 inch thick AL 5052 90 degrees to form one edge of the "T," then bend-
ing 180 degress in the opposite direction to obtain the "T." This method

does not form a true "T,” but it does give the top surface area as does the
“T" top. Problems involved in using this technique are mainly due to the
small bend radius required and the production of a dip frame with a thick-
ness of .05 inch.

Other methods investigated were machining, brazing-on of the "T"

top, extruding, forging, and impact extrusion. Due to the cost and diffi-
culty in maintaining the required flatness of the top, impact extrusion was
evaluated to be the optimum fabrication technique for production.

& The method for using impact extrusion varies with the type of frame.
: In the case of the Center frame, impact extrusion of the frame is the only
step required to fabricate the complete frame. In the case of the DIP
frame, the "T" is impact extruded first, then the configuration for forminag
is blanked out, and finally, the frame is formed. Cost for producing the
DIP frame will be higher than for the Center frame, but the cost for both
frames would not be much greater than the equivalent SEM frames.

VI-1
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Accurate tooling cost and parts cost are not available for analysis,
since the fabrication technique is fairly new. Parts usually impact
extruded are not as small as the frames, and the fabrication can be done
only by a few commercial vendors. Therefore, it is recommended that
more vendor sources be developed.

2. Tables VI-1 and VI-2 contain the calculated maximum device population
for existing SEM modules and ISEM modules. These calculated values dis-
regard tolerances, manufacturing processes such as automatic insertion
tools, and producibility in a production run. These calculations are
also based on the package sizes denoted in Table VI-1 and VI-2 and the
maximum circuit mounting area given in Table V-1.

The problems of production tolerances, tolerances required for use of
automatic insertion tool, and producibility are taken into consideration
in Figure VI-1. The analysis is only for the DIP frame, since orientation
and Tength of the cutouts on the frame determines the maximum device pop-
ulation. There is no special orientation or position required of the
flatpacks for the center fin module.

The 2A rib length is 2.53 inches. For three fourteen-pin DIPS at .796
inch length, the minimum rib length requirement is 2.438 inches. This
means that the module can accommodate three rows by three columns of DIPS
per half of a 2A DIP frame. This totals out to be eighteen DIPS per mod-
ule, as indicated in Table VI-1. Figure VI-2 shows this configuration.

Likewise, the required rib length for a sixteen-pin DIP is 2.738
inches. This means only twelve of these packages can be fitted into a

2A frame. Figure VI-3 shows the module.

Figure VI-3 also shows that an eighteen- and twenty-pin DIP have

basically the same package length, (.875 inch long) as the sixteen-pin
DIP. Therefore, the same number of these DIPS will fit a 2A frame,
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TABLE VI-1

MAX IMUM DEVICE POPULATIONS

DUAL IN-LINES EXISTING SEM IMPROVED SEM IMPROVED/EX IST ING
1A 22 1A 2A 1A 2A
16 PIN (.75 LG) 6 12 9 18 1.50 1.50
16 PIN (.875 LG) 5* 12* 6 12 1.20 1.00
18 PIN 4 8 6 12 1.50 1.50
20 PIN 4 8 6 12 1.50 1.50
22 PIN 2+ A+ 5% 12+ 2.50 3.00
24 PIN 14 1+ 4+ 1.00+ 1.00+
28 PIN 1 3 1+ I+ 1.00 + 1.00+
40 PIN 1 2 1+ 2+ 1.00+ 1.00+

* DENOTES VERTICAL DIP MOUNTING ORIENTATION FOR MAY DENSITY

+ DENOTES THAT MODULE CAN ACCCMODATE AN ADDITIONAL HORI1ZONTAL ROW OF
0.3 INCH CENTER DIPS WHEN MIXING IS CONSIDERED
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TABLE VI-2 :
i
MAX IMUM DEVICE PCPULATIONS
FLATPACKS EXISTING SEM IMPRCVLD EEM IMPKOVI L/ EXISTING
1A 22 12 2 1A 2A
14 PIN
(.25 X .25) 16 40 24 60 1.50 1.50
16 PIN
(.25 X .375) 16 40 24 60 1.50 1.50
24 PIN ,
(.375 X .625) 6 14 12 28 2.00 2.00
40 PIN
(MOT 621-01) 2 g+ 4 12 2.00 1.50
* DENOTES UNDLCSIRABLE FLATPACK LEAD MOUMNTING ORIENTATION
(AX1IS OF FLATFACKS LEADS PAKALLEL TO GUIDE KIB HEIGHT DIMENSION)
T
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CALCULATED MAXIMUM DEVICE POPULATION
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For a 1A DIP frame, the rib length is 2.16 inches. Even though the
total allowable width is 2.44 inches, .160 inch is used for the transi-
tion of the bend on the side quides. This leaves 2.28 inches for the
total span. Since this 2.28 inches is still less than the 2.438 inches
minimum rib length requirement for three 0TPS, the rib lenath of 2.16
inches was chosen to match the 2.16 inch span for the locational rivet
holes. This saves an extra step required to locate the cutout.

The figures indicate that only three rows by two columns of DIPS are
possible. The discrepancy with Table VI-1 is due to the fact that a
.750 inch package butted end for end gives 2.250 inches. If .01 inch
is allowed between the DIPS, the total space required, in addition to the
2.250 inches, is .020 inch. The total required becomes 2.270 inches,
wnich is less than the 2.28 inch maximum span of the module.

Figure VI-4 shows the frame configuration for DIP components which are
.300 inch centers between rows of lead holes. The rib spacing is .400 inch-

The minimum possible rib spacing is given in Figure VI-5 for the
ISEM DIP frame.

The ribs are grouped as close to the top of the module as possible.
This is to allow for the maximum amount of circuit paths to run between
the bottom row of DIPS and the connector for input/output lines.

CONNECTOR

1. The analysis will only deal with the 2A DIP connector. The 1A DIP

frame, 1A center frame, and 2A center frame were all made compatible with
existing SEM connectors. Therefore, the only connector design necessary
was for the 2A DIP frame. |

The connector design would like to achieve two goals:
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a. Keep the method of attachment between 1A and 2A SEM and ISEM DIP
frames and connectors as similar as possible. Doing this would
simplify assembly, setups and eliminate the need for assembly iearning
curve. ’

b. Minimize the assembly time required for keying pin insertion and
pin shield assembly. ’

The attachment of the frame to the connector is accomplished by
bonding tabs on the side guides of the frame, similar to the 1A DIP
frame, to the connector and bonding a third tab into a grooved base
at the center of the connector. Figure VI-6 shows the attachment
of the module. Fiqure VI-7 shows the attachment of the center tab. L

The option of whether to use an insert in the connector for
pressing the keying pins in, rather than bonding, was analyzed.

From calculations shown in Figure VI-8, the true positional tolerance
required for the insert would be .0029 inch. This is much too tight

for the connector vendors to hold. Because of this, the keying pins

for the connector for the 2A DIP frame will be bonded.

As for the pin shields, it was found that the bonded-on pin
shields had a tendency to fall off the connector during wave solder-
ing. Because of this, different pin shield configurations were
investigated. These configurations consisted of:
(1) Wrap-around pin shields; .

(2) Molded pin shields;

(3) Metal molded pin shields.

VI-1N




9-1A 340014

ANAOW 2awvaua d\a Vi

YbOLI3NNOY ol QIqNeY «EN M<44.~w.w\

~
— \_ o
o4
o4
]
o
[ ( J
(&)
<C
= —_ /
(- )
-

R
k..)@.x




NAC TR-2217

ir=1.0/0
| f-.0882.00/

—!  f— . 742

.j :

0I5 R X
§/ |
NE

{
080 gz0 '
}

IS

/)
. 730

Chwiok ATTACH.LMND delnol Pune ISESA 20 LIL Exdcib

FIGURE VI-7

VI-13




NAC TR-2217

6200
G000 — v&00°

G000

ve 00’

082
LOO’
Nid ONIAIN 40diL B

.L¥3SNI mw.

(082 —GIt')

8-IA 3™NYIA

STIFEYNT ANT I MATHINTADY I 339 TN TY

AANMYTIITAT, TYNNATITIC0T Ny MOT TYINDTY D

14 3SNI

NId A3
= ©

Nmz,u.da JOV4H4 3 LINI

ra/z_a A3N

VI-14




NAC TR-2217

The wrap-around pin shield is a metal shield which wraps around
the connector. Difficulty of assembly and reliability of attach-
ment makes this an undesirable part to use.

The molded shield is a shield made of plastic, molded as part of the
connector. There is no assembly required since it is part of the con-
nector. The drawback to this method is that the thickness required for
the molded shield may require a connector, greater than .290 wide. If i
the shield thickness is reduced to .030 inch thick, the straightness :
requirement of the shield could not be met, because of the 5.20 inch ‘
length of the 2A shield. Figure VI-9 shows the shield requirements.
An additional problem would be warpage during wave solder should the
shield thickness be reduced to .030 inch or less.

The metal molded pin shield consists of a metal shield which is
molded into the connector. This part increases the cost of the i
connector. Additionally, there is no assurance that the shield would .
be as straight as required, or would remain intact during wave solder.

A process change, instead of a connector pin shield redesian, might
hold some possibility. The existing SEM pin shield would still be used.
During wave solder, the pin shield would be protected by a plastic :
booty slipped on the connector. This would not only solve the problem
of the new connector design, but the existing connector designs as well.
The piocess has not been tested as yet, and should be further investi- ;

1

gated.
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VII. COMPATIBILITY

COMPATIBILITY ANALYSES

In the analyses of compatibility between existing SEM and improved
SEM, the major parameters to consider are card cage compatibility,
thermal compatibility, and wire wrap plate compatibility.

1. With respect to card cage compatibility, Table V-1 shows a summary
of SEM and ISEM characteristics and dimensional outlines. One of the
most significant differences between the SEM and the ISEM in Table V-1
is the span of the module. In increasing the total surface area of the
side guides, for a better thermal interface, the overall span of the
module changes from 5.620 inches, for the StM 2A, to 5.740 inches, for
ISEM 2A. For the SEM 1A, the span was changed from 2.620 inches to
2.740 inches. As a result of this, card cages for the existing SEM
modules will not accept ISEM modules. However, card cages made for the
ISEM modules will accept both SE! and ISE!t modules.

As also evident from Table V-1, ISE!M modules are also designed for
.300 inch pitch. Even though this pitch presents probliems of short com-
ponent lead length projections for soldering, restrictions on component
heights and restriction of air flow for direct air impingement, Yhe
advantages outweigh the disadvantages. 1In & systems application, a
.300 inch pitch card cage means less volume for a given amount of
circuitry versus a larger module pitch. In addition, if any effort
in mixing existing SEM with ISEM modules in a card cage other than
at .300 pitch was attempted, the result would be either volume
inefficient packaging or a nonstandard card cage. These factors

lead to a conclusion that .300 pitch is best suited for an ISEM
module.
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2. The increased span of the ISEM module also has an effect on the
thermal capability of the ISEM card cage. It is desirable to have an
ISEM card cage with the same envelope as the SEM card cage. Therefore,
the center to center width of the ISEM card cage should be six inches.
Since the ISEM module is 5.74 inches wide, less than .130 inch is left on
either side of the card cage for water or air channels to dissipate the
heat from the modules. Appendix D analyzes the different possible card
cage cooling configurations and their thermal capability, taking into
account the possible types and size of channels possitie.

The thermal compatibility is comprised of three parts.

a. Compatibility with the side guide interfaces to the card cage;

b. Compatibility for top plate cooling;

c. Compatibility for forced convection over the fin.

The side guide interfaces to the card cage consist of clips and
wedges. These interfaces are described in greater detail in Section IX.
The side guide for the ISEM is .150 inch wide versus .090 for existing
SEM. Even though there is mechanical compatibility with the clips and
wedges, the effectiveness is greater for ISEM than for existing SEM in
thermal conduction to the card cage.

Likewise for top plate cooling, the ISEM "T" top offers more contact
area than the SEM "L" top. This increases the effectiveness of top
plate cooling. Another factor which increases the effectiveness of top
plate cooling is the use of Belleville washers. They offset the dimen-
sional tolerances in the height of the mcdules and increase the contact
pressure between the top of the modules and the cold plate. Unfortu-
nately, the Belleville washers can anly be used with ISEM modules. A
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SEM module will fit in a slot with accommodations for the Belleville
washers, but the washers will have no effect.

Only certain SEM configurations lend themselves to direct air
impingement. The ISEM allows all configurations to be cooled by
this method.

As can be seen, the side guide of the SEM module has a .280 inch
wide shoulder to border the printed wiring board. The ISEM makes a
direct transition from a .050 inch side guide to the area the printed
circuit board is mounted. This eliminates the barrier to the com-
ponents for direct air impingement. For increased thermal efficiency
of the ISEM versus SEM, see Section IV.

3. Wire wrap plate compatibility of the SEM and ISEM is centered around
the 100-pin connectur. The 1A existing SEM and ISEM modules use identi-
cal 40-pin connectors. Thus, either a 1A SEM or ISEM module would fit
the same wire wrap plate.

For the 2A modules, the existing SEM DIP frame uses two 40-pin con-
nectors, while the ISEM uses a 100-pin connector. See Appendix B for
ISEM module and frame drawings. With the addition of the extra twenty
pins, the wrap plate Toses the center support rail. Figure VII-1 shows
a 2A SEM wrap plate versus a 2A ISEM wrap plate. The loss of this cen-
ter support rail weakens the wrap plate, and allows for defiection of
the plate upon insertion of a module. In Appendix C is an evaluation
of the deflection of the wrap plate.
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The conclusions drawn from the calculations in Appendix C are:

a. The unbraced wrapost plate, 20 x 6 inches, will not support
the maxinum insertion force without deflection beyond the
.020 inch imposed limit.

b. A support spacing of 3.5 inches is required for the wrapost

plate.
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VIII. EXTRACTOR

MECHANICAL DESIGN

1. An extractor was designed which was compatible with both existing
SEM and ISEM modules in an ISEM card cage. The existing SEM extractor
was not considered for the ISEM because:

a. The holes required on the frame take up possible circuit area.

b. The extractor interferes with component location on the modules.

c. The extractor gives no mechanical advantage, making the extrac-
tion of the 100-pin connector difficult.

d. The extractor is bulky and hard to use.

e. Redesigr would have been required, because of the “T" top on the
ISEM modules.

The proposed extractor design works on the principle of prying the
top 1ip of the module, using the card cage guide rails as the pivot
point. This is shown in Figure VIII-1.

The amount of travel the module requires in the Y direction as shown
in Figure VIII-1, to be fully disengaged from the female connector on
the wrap plate, is .150 inch. This means that point A in Figure VIII-1
must travel a distance of .150 inch in the Y direction to extract the
module.

Figure VIII-2 shows the rotation of the extractor arm and the angles
which it goes through. From Figure VIII-2, the calculation of the
amount of rotation required of the extractor to move point A .150 inch
in the Y direction is as follows:
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distance from point A to point B

angle required to move point A a distance of .150
inch in the Y direction for an ISEM card cage.

angle required to move point A a distance of .150
inch in the Y direction for an existing SEM card cage.

card cage:

(.150) (.150)
sin-! r = sin! (.469)

18.66°

For the existing SEM card cage:

.376 + 150
sin™! .593 - 6 =162.5° - 38

.376
sin~! ( .593 /= 39.35°

62.5° - 39.35° = 23.15°

The calculations indicate that a greater angle of rotation is required
to extract a module in an existing card cage, than in an ISEM card cage.

If a force analysis is done, the mechanical advantage of the extractor
can be calculated. Figure VIII-3 shows the force breakdown.

force exerted at the top of the extractor
(operator's force)

frictional force

vertical component of F2 (force required to
extract the module)

lever arm from the top of the extractor to the
pivot point 8

distance from point A to point B (see figure VIII-1)
sweep angle for the extractor

VIIT-4




dac e

NAC TR-2217

POINT B

EXIRACTOR FURCL ANALYS IS

FIGURE VIII-3

VIII-5




rﬂ-

NAC TR-2217

Neglecting any frictional forces, the forces at point B balance out

to be:
(F1)(r1) = (F3)(R2) cos 8

Relating the force by the operator to the force on the module
results in the following equation:

{ri

F3/F1 " ¥2 (cos ©

The variables rl and r2 are dependent on the extractor design.

angle 8 is dependent on the card cage configuration; existing SEM
ISEM card cage. At present, there are two extractor designs, one
the existing SEM card cage and one for the ISEM card cage.

For the existing SEM card cage, the ratio of extraction force

operator's force reguired for extraction (F3/F1) is as follows:
r1 = 1.63
re = .593
g = 39.35°
- (rl) - (1.63) -
F3/¢y = ¥5{cos 8) - 7393 (cos 39.35) _ O

For an ISEM card cage:

rl = 1.63
rz = .468
g =20° (from figure VIII-2)

()L .es)
F3/e1 = 2 lcos 8) ~ 7769 (cos &y - °+4°
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The reason that the angle & was chosen to be at the initial point of ex-
traction was because as 8 approached 90°, cos 6 approached 0. This indicate
that the vertical force increases as the angle s increases. Therefore, a
small angle 9, as in ti2 initial point of extraction, gives the smallest

vertical force by the extractor. This is the worse-case condition,

The force required to extract a module depends on the number of pins
contained by the connector. As defined by MIL-C-28754, the maximum insertic
force per pin is 10 ounces, while the minimum withdrawal force per pin is
2 ounces. Assuming that the withdrawal force would never exceed the
maximum insertion force, the worse-case condition for the withdrawal force
would be 10 ounces per pin. Relating this to the connectors, a 1A module,
with a forty-pin connector, would require a 25 pound force to extract the
module. A 2A module, with a one hundred-pin connector, would require a 62.%
pound force to extract the module.

Using the designed extractor, the force required by the operator (F1)
to extract a 1A module would then be 7.0 pound force in an existing SEM carc
cage, and 7.2 pound force in an ISEM card cage. For a 2A module, the force
‘required would be 17.6 pound force in an existing card cage, and 17.9 pound

force in an ISE!M card cage.

To lower the force required by the operator to extract a module, the
following can be done:

1. Decrease the number of connector pins.
2. Increase rl.
3. Decrease r2.
4. Have the angle - as large as possible.

5. Decrease the maximum withdrawal force.

VITI-7
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Decreasing the number of connector pins is not desirable, since higher
component density, one of the main goals of this task, dictates higher input/
output capability. As for changes to rl, r2, and 8, they are closely linked
to the card cage design. Plus, it is desirable to have an extractor with the
capability of being stored as a module. This storage capability and the
existing SEM and ISEM card cage design determined r1, rZ, and 8. This
leaves decreasing the withdrawal force as the best alternative.

The different methods of decreasing the withdrawal force are as follows:
1. Increase the tuning fork gap (increase A in figure VIII-4).
2. Decrease the tuning fork thickness (decrease B in figure VIII-4).

3. Improve the finish of the plating of the blade and the mating
surfaces of the tuning fork.

Changing the physical dimensions on the tuning fork to decrease the
amount of contact pressure between the fork and the blade has already been
incorporated by certain commercial vendors for low insertion force connectors.
The application of this method for Tower insertion/withdrawal forces is
frowned upon, since it is felt that degradation of electrical contact would
result from the weaker tuning fork. A more widely accepted means of lower-
1ng the insertion/withdrawal forces is by improving the finish of the blade
and tuning fork. The finishes range from 50 micro inches, for medium inser-
tion force, to 27 micro inches, for low insertion force. Amp Incorporated
has a blade which is graphite impregnated to reduce the coefficient of fric-
tion. This method is desirable because it eliminates the need for fine
polishing to attain the 27 micro inch finish. The graphite impregnated
blade requires further investigation into possible corrosion effect due to
graphite transfer to other surfaces.

Further study into the possible use of low insertion/extraction force
tuning fork and blade should be investiaated, since the trend is toward

VIII-2
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modules with higher component density, which leads to higher input/output
capabilities which increases the insertion/extraction forces required per
module.

B. STRUCTURAL ANALYSIS

; The complication of the "T" top on the ISE! modules also added difficulty
: in the design of the extractor. The "T" top is .270 inch wide. The module
pitch is .300. Tnis leaves a possible gap of .030 inch between modules at
nominal conditions, leaving little tolerance for straightness of the "T" top
or tolerances in the card cage and module.

The required force to extract a module ranges from a 25 pound force to a

62.5 pound force, depending on whether it is a 1A or a 2A module. Since the
reason for going to a "T" top was to increase the amount of surface area at
the top of the module for top plate cooling and increase the cross sectional
area at the top for heat flow to the side guides, reducing the width of the
“T* top from .270 inch is not desirable. But, to extract by prying on the
top 1ip with a .030 inch or less thick extractor presents a structural prob-
lem for the extractor, when the force required can be as much as 62.5 pcund
force. To alleviate this problem, notches (.100 x .030) were cut out at the
four corners of the "T7" top. The corners were chosen because they would not
interfere with the module circuitry. The extractor was designed with tabs
which fit the notches on the module. Figure VIII-6 shows a module being
extracted. Figure VIII-7 shows the use of the module extractor in extract-
ing an end module. Figure VIII-8 shows a module extractor stored in a

card cage.

With the .030 inch notch cut in the "T" top, the nominal g4p between
modules is now .090 inch. Since the extractor is to be stored as a module,
the thickness of the extractor should be approximately .050 inch for compati-
biiity with module/card cage interfaces which may be present in the storage
slot. At this thickness, there is a tolerance clearance of .040 inch. As a
result, the module extractor was ciiosen to be .04Z inch thick, since this is
a common stock thickness. l
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For the strength required by the tab, the flexural stress at the extreme
fiber is: # = MC/1 = M/S

Where: M = bending moment = + FL
= moment of inertia = bd3 12
S = I/C = section modulus = bd? 6
C = distance to extreme fiber = d/2

Using the parameters given in Figure VIII-5 and én page VIII-10, the
flexural stress is:

£ = ms < ZL _ _(31.2 1b) (.028)
bdZ/e  (.150) (.042)%/¢
§ = 6.93 x 10 PSI

The yield strength for AL 5052 is 2.8 x 10* PSI, which is inadequate.

The y’eld strength for stainless steel, Class 302/304, annealed is 6.8 x 10%
PSI, which is marginal. The best suited would be to use either half-hard

stainiess steel, Class 302/304, with a yeild of 1.50 x 105 PSI, or heat-treated

condition RH 950 solution annealed 17-7 PH stainless steel.

C. PRODUCIBILITY

The extractor will be a formed part. Tooling will be required to form
it, but there is no other operation required after forming. Therefore,
there is initial tooling cost, but the piece part would be fairly

inexpensive.
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IX. CARD CAGE/MODULE INTERFACES

INTERFACES

1. A major obstacle in using conductions cooling is the high thermal
resistance at the interface between the module and the cold plate.

As pointed out in Section V, the thermal resistance at the inter-

faces between the module and the cold plate is a function of the

contact area. Irreqularities between mating surfaces of the module and
cold plate decrease the amount of contact area and increase the amount
of thermal resistance. The interface retainers come into play in forcinq
the mating surfaces of the modul: and cold plate together to conform

to each other's irregularities to increase the contact area. The inter-
face retainers investigated consist of:

a. Belleville washers for top plate cooling.

b. Standard Bircher clip for card cage cooling.

¢. The Wedge concept for card cage cooling.

d. Improved three convolution IERC clip for card cage cooling.

Since Belleville washers are discussed only in Section V and this
section deals only with card cage interfaces, just the last three types
of interface retainers are discussed.

2. The standard Bircher clip and the IERC clip are both spring clips
fabricated from beryllium-copper. They both use the spring tension of
the material to apply the force required to nush the side quide of the
module against a heatsink. Tn the case of the Bircher clip, the module
side guides are wedged between two springs. The heat is then trans-
ferred from the module to the clip to the card cage. In the case of

[X-1
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the IERC clip, the springs are used to push the module side quides
directly against the card cage walls. Fiqure IX-1 shows a Bircher c¢lip
mounted in a card caqge. Figure IX-2 shows a ILRC clip mounted in a
card cage.

The wedge is as the name implies. It consists of two wedge-like
pieces which are mated together at the center by a screw. Upon turning
the screw, the bottom piece and top piece are pulled together. This
forces the two pieces to split sideways, which is against the module
side guide. Fiqure IX-3 shows a wedge mounted in a card cage.

CONCLUSION

1. In comparing the three types of interfaces, the standard Bircher
clip proved to be the least effective thermally, giving a thermal
resistance of 6.2° C/W. The IERC clio had a thermal resistance of 2.0°
C/W. The wedge was the most effective thermally, giving a thermal
resistance of 1.7° C/W. The thermal resistances are for the two module
interfaces in parallel. Even though the wedge has the lowest thermal
resistance of the three types of interfaces, it has the following
disadvantages:

a. It requires a large amount of volume for mounting,

b. The size of the wedge causes a significant increase in unit
weight.

c. It requires individual fastening and loosening of each wedge
per module when inserting or extracting modules. This would
increase the MTTR (Mean Time To Repair) of the systen.

d. It requires a complicated card cage design to accommodate the
wedge. Part of this design must also insure that the wedaqe would
be activated before the system can be enerqized, since an open wcdae

could cause module failure from thermal overload.

[x-2
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e. The pressure due to the wedge can possibly cause fusing between
the side guide of the module and the wedge over a long period of time.

The advantages to using the wedge are:

a. There is a predictable and positive contact pressure force applied
to the module side guide.

b. The presence of the wedge holds and gives structural strength to
the module/card cage assembly in shock and vibration.

c. No increase in module insertion or extraction force.

For the IERC clips, the disadvantages to using them are:
a. The positional tolerances of the clip (relative to the module),
the module side guide thickness, and the fabricational tolerances of
the clip are very critical to the amount of contact pressure which
wculd be applied to the module side guides. As a result, consistent

contact pressure is difficult to attain.

b. The beryllium-copper is brittie and is subject to breakage when
the module is inserted or extracted at an angle.

c. Insertion and extraction of the module over a prolonged pericd
can cause partial inelastic deformation of the clips, resulting ir
loss of contact pressure.

d. Increase in module insertion and ertraction force.

The advantages to using the IERC clip are:

a. It consumes very little volume, which allows
on a .30 pitch.

IX-5
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b. It adds little to the unit weight.

c. There is no manual manipulation required to activate the clip.

d. Installation requirements are simple.

e. Fabrication of the clips is simple and inexpensive.

The thermal resistance of the standard Bircher clip is too high and

. was not considered for use with the ISEM. The wedge and the IERC clip

have nearly the same thermal resistance. Considering the tradeoffs
between the two, the IERC clips seem to be best suited for production
usage.

Experimental data on the design and thermal testing of a light
weight card cage which included module interfaces was compiled by the
Raytheon Company (SSD), Portsmouth, Rhode Island. For detail on the
experimental data, refer to LIGHTWEIGHT CARD CAGE ASSEMBLY, prepared
under contract number N00163-77-C-0063 for Naval Avionics Center.
Final report was released in Aug 1978.

IX-6
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APPENDIX A

THERMAL TEST RESULTS

P PRLNT? €1, - TR S

A. FORCED AIR CONVECTION OVER THE FIN

1. Forced convection was evaluated for two different card cage heights.
One height represents present card cage systems, whereas the second re-
presents an extended card cage height designed for optimum conduction
through an ISEM card guide. The extended height test was performed to
evaluate supplemental cooling by forced convection over the fin. Figure
A-1 illustrates the profile geometries of the two test models (labeled
A & B). Both models contained 15 (3 rows of 5 modules each) 2A load
modules in a 1/4" thick plexiglass duct. (See Figure A-2.) The duct
was encased in approximately 4 inches of styrofoam insulation.

The module array duct (Figure A-2) was connected to a 24-inch long
transition duct, a 6" x 6" mixing box, a 24" long x 1-1/2" DIA pipe, a
differential pressure flow meter, a 12" long x 1-1/2" DIA pipe, and
finally attached to the air moving device. Air at various velocities
was drawn through the system, as described above, and monitored by the
flow meter.

e 2 e S TR e (T R SN T D

A listing of test equipment is as follows:

Flow Meter - Meriam Instruments Model 50MW20

Flow Meter Manometer - Meriam Instruments Type WM

Module Array Duct Manometer - Meriam Instruments Type TM
Air Moving Device - Dayton Model 2Z-563

Each load module contained twelve (12) 16-pin DIP resistors capable
of dissipating 2.5 watts per package. Fenwal Uni-Curve thermistors were
mounted on nine of the resistors and two were embedded in the vertical

A-1
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NAC TR-2217

portion of the fin. Thermistor locations are shown in Figure A-3. This
load module configuration was used for all testing.

Table A-1 contains thermal test results for both the "T" and "L" fins.

The indicated thermal resistances are for the middle row of modules, and
they are an average value of the three center modules of that row.

Calculated thermal resistance values (air-fin) are based on inlet
air conditions to that particular row of modules. Air velocities were
calculated using the profile free-flow area, and are not the velocities
in the fin area. Resistance values, therefore, will not be valid for
all duct heights.

Table A-2 contains calculated module power capacities. Calculations
are based on Table A-1 resistances and module frame thermal modeling re-

sults. Note all conditions stated in the table for each particular
frame type.

DIRECT AIR IMPINGEMENT

1. Direct air impingement testing was performed with the modules on .3"
and .4" centers. The test model card cage configuration is shown in
Figure A-7. As with the forced air convection testing, the model con-
tained 15 load modules and was insulated with styrofoam. Air at various
velocities was drawn through the system and component case temperatures
recorded for each condition.

Table A-3 contains the thermal data and Table A-4 contains projected
module power capacities for the two different center spacings.

Calculated thermal resistance values (component case-air) are based
on the inlet air conditions to the particular row of modules and the
component power dissipation. Comparisons between the two different

A-4
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TABLE A-1
FORCED COMVECTION FIN-AIR RESISTANCE
TEST MODEL "A"

INTERFACE AVERAGE DUCT VEL. THERMAL RESTSTANCE
(FT/SEC) (SCATTT *
T FIN T0 AIR 0 7.3
(0.280" Wide) 15 ‘ 5.3
20 4.2
25 . 3.3
L FIN TO AIR 10 | 8.6
(0.180" Wide) 5 | - 6.5
20 4.3
25 3.2

TEST MODEL "g" ' }

INTERFACE AVERAGE DUCT VEL. THERMAL RESISTANCE ]

TFT/3EC) TeC/WATT) ;

T FIN T0 AIR 10 15.1 ?
(0.280 WIDE) 5 13.1 :
20 1.5 |

25 10

*A11 values for 2A Size Modules

A-6
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MODULE
SEM 1A

ISEM 1A

SEM 2A
ISEM 2A

SEM 1A
ISEM 1A

SEM 2A

ISEM 2A

SEM 1A
ISEM 1A

SEM 2A

ISEM 2A

SEM 1A
ISEM 1A

SEM 2A
ISEM 2A

FORCED CONVECTION FIN POWER CAPACITIES

NAC TR-2217

TABLE A-2

TEST 1.0DEL
DIP FRAME

AVERAGE DUCT VEL.

{ FT/SEC)
10

15

20

25

IIAII

MODULE RIB

ORIENTATION

VERTICAL

VERTICAL
HORIZONTAL

VERTICAL

VERTICAL
HORIZONTAL

VERTICAL

" VERTICAL

HORTZONTAL
VERTICAL

VERTICAL
HORIZONTAL

VERTICAL

VERTICAL
HORIZONTAL

VERTICAL

VERTICAL
HORIZONTAL

VERTICAL

VERTICAL
HORIZONTAL

* VERTICAL

A-7

VERTICAL
HORIZONTAL

MODULE POMWER
(WATTS)

2.1

2.5
2.1

0
w
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TABLE A-2 (Continued)

CONDITIONS
45°C Inlet Temp, 105°C Max. Jct. Temp.
ISEM - 6101 AL, SEM 5052 AL

Uniform Power Distribution4

. 25°C/Watt Jct. to Case for Dip
SEM 1A: (5) 16 Pin Dips
SEM 2A: (12) 16 pin Dips
ISEM 1A: Vertical - (5) 1£€ Pin Dips; Horizontal - (9) 16 Pin Dips
ISEM 2A: Vertical -(12) 16 Pin Dips; Horizonta_i - (16)16 Pin Dips

A-8




MODULE

| SEM 1A
ISEM 1A
SEM 2A
ISEM 2
SEM 1A
ISEM 1A
SEM 2A
ISEM 2A
SEM 1A
ISEM 1A
SEM 24
ISEM 2A
SEM 1A
ISEM 1A
SEM 2A
ISEM 2

NAC TR-2217

TABLE A-2 (Continued)
FORCED COMNVECTION FIN POVER CAPACITIES

TEST MODEL "A"
CENTER FRAME

AVERAGE DUCT VEL. MODULE POWER
STRTSECT VS

0 . 2.6
' 33
5.5
| 6.5
s 3.2
4.3
6.8
8.3
20 - - 4.3
5.0
9.0
9.9

25 5.1
5.9

e a——

10.8
11.6

R

A-9
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TABLE A-2 (Continued)

CONDITIONS

45°C Inlet Temp, 105°C Max. Jct. Temp.
ISEM - 6101 AL, SEM 5052 AL

Uniform Power Distribution

45°C/H Jct. to Case for Flatpack

ISEM 1A: 12 - 16 Pin Flatpacks Per Side
ISEM 2A: 24 - 16 Pin Flatpacks Per Side
SEM 1A: 8 - 16 Pin Flatpacks Per Side
SEM 2A: 20 - 16 Pin Flatpacks Per Side

’ A-10
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THERMAL RESISTANCE COMPARISON
FORCED CONVECTION OVER FIN
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FIGURE A-4
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TABLE A-3

DIRECT AIR IMPINGEMENT

‘ COMP CASE-AIR ( 20 FT/SEC)

FY77 SEM R&D THERMAL TESTING RESULTS

THERMAL RESISTANCE

] COMP CASE-AIR ( 10 FT/SEC)

* BASED ON COMPONENT POWER OF 16 PIN DIP UNIFORMLY POWERED
* VALUE RELATIVE TO INLET AIR TO MODULE AT COMPONENT HOTSPOT

INTERFACE . MTG. PITCH (°C_WATT)
COMP CASE-AIR (5 FT/SEC) 0.3" 82
COMP CASE-AIR (10 FT/SEC) 0.3 60
COMP CASE-AIR ( 15 FT/SEC) 0.3 42
0.3 36
COMP CASE-AIR ( 25 FT/SEC) 0.3" 3
0.4" 37
COMP CASE-AIR { 15 FT/SEC) 0.4" 29
COMP CASE-AIR ( 20 FT/SEC) 0.4" 26
COMP CASE-AIR ( 25 FT/SEC) 0.4" 22




NAC TR-2217
TABLE A-4 ’
ISEM DIRECT AIR IMPINGEMENT PCHER CAPACITIES
.3" MODULE CENTERS
MODULE AVE DUCT VEL. MODULE_POUER
- “(FT/SECY T(VATIS)
1A Dip - 5 5.0
1A C.F. 6.8
* " 2A Dip ‘ 9.0
; 2A C.F. . 7.2
1A Dip 10 6.4
1A C.F. | 8.7
2A Dip ' 3
24 C.F. 21.8 K
1A Dip 15 | 8.1 ‘
WCF | h 1.2
2A Dip . 13.3
2A C.F. | 27.9
1A Dip 20 8.6
A C.F 12.3
2A Dip 157
2A C.F. ‘ 30.8
1A Dip 25 Y
1A C.F. 13.5
2A Dip 17.1
2A C.F. _ 33.6
A-16
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TABLE A-4 (Continued)

ISEM DIRECT AIR IMPINGEMENT POWER CAPACITIES
.4 MODULE CENTERS

AVE DUCT VEL

10

1A C.F.

2A Dip
2A C.F.
1A Dip
1A C.F.
2A Dip
2A C.F.
1A Dip
1A C.F.
2A Dip
2A C.F.
1A Dip
1A C.F.
2A Dip
2A C.F.

15

20

25

W

MODULE POVER

8.7
12.1
15.5
30.3
10.0
14.0
17.8
35.0
10.6
4.8
18.8
37.1
n.s
16.2

20.4
40.5
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TABLE A-4 (Continued)

CONDITIONS

45°C Inlet Air to Module, 105°C Max Jct. Temp.
Uniform Power Dfstribution

25°C/M Jct. to Case for Dip

45°C/W Jct. to Case for Flat Pack

1A Dip: (9) 16 Pin Dips

2A Dip: (16) 16 Pin Dips

1A C.F.: (12) 16 Pin Flatpacks ?er Side

‘2A C.F.: (30) 16 Pin Flatpacks Per Side
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center spacings are based on equal air velocities and do not consider
the differing mass flow rates.

Figure A-8 is a plot of thermal resistance versus air flow velocity.
Data points are worst-case thermal resistances (i.e., based on hottest
module component case) at each velocity, again based on module inlet
conditions. A small error factor may be introduced, due to the fact
that the thermistor is located on the end of the DIP instead of the top.
Air velocities were calculated using the free-flow areas of the module
profile.

Test model system pressure drop curves are shown in Figure A-9.
This is a total drop across the 15-module array (3 rows of 5 modules
each).

"T" FIN "EAR" CONDUCTION

1. The "ear" refers to the extension of the "T" fin beyond the module
side guides. The "ear" has two semi-circular holes on each edge to
accommodate hold-down devices.

The card cage consisted of three water cooled card guides, accommo-
dating a total of ten 2A load modules (2 rows of 5 modules each). Each
card guide contained a .375" diameter water passage. The flow rate
through the three card guides, which were in parallel, was 3 GPM. This
resulited in a very small temperature rise across the card cage. This
small rise was neglected in all thermal resistance calculations.

Data was collected for three different conditions: Condition 1,
with the "ears" held down to the card cage with 4-40 screws torqued to
a value of two inch-pounds; Condition 2, with the "ears" insulated from
the card cage and with no hold downs; and Condition 3, with the modules
randomly inserted with no insulation or hold-down screws. Figure A-10
shows the test configuration for Condition 1. The thermal resistance

A-19
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DIRECT AIR IMPINGEMENT TEST
CASE TO AIR THERMAL RESISTANCE
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between the module and system for each system for each condition is as
follows:

4.9°C/W . (OMeE-cc)
8.9°C/W  (OM-cc)
8.2°C/M

Condition 1: o
Condition 2: o

il

Condition 3: o

Condition 3 would simulate a case where the hold-down devices were
inadvertently not engaged. To determine the thermal resistance of the
ear-card guide interface (OE-ch the data for Conditions 1 and 2 was
used in the following fashion:

Unknown: OE-cg
Known : M-cc
OM+E-cc
Where GM—cc is the thermal resistance between the module (excluding
the ear) and the total card cage, including wire wrap plate, and OM+E-cc
js the thermal resistance between the module (including the ear) and the
total card cage. We can reasonably assume that OM+E-cc is nothing more

than op_.. in parallel with oy ...

cg
@M+E-cc =0 E=1cg oM-cc
oM+C-cc = ok-cg oOM-cc
oE-cg + oM-cc
4.9°C/W = 8.9°C/W oE-cg

8.9°C/W + oE-cg

Therefore: oE-cg = 10.9°C/W
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D. FIN CONDUCTION

1. Fin conduction testing utilized a water cooled cold plate covering
an array of 10 2A lcad modules (2 rows of 5 modules each). The internal
cold plate design was such that the two rows of 5 modules were in

parallel. The flow rate was held constant at 3 GPM to minimize the
temperature rise across the cold plate. For the purpose of determining
thermal resistances, this small temperature rise was neglected.

The interface between the module fin and the cold plate was developed i
by pressing the cold plate onto the modules. This was accomplished by :
passing eighteen 4-40 screws through the cold plate into the card
guides and torquing each screw to a value of two inch-pounds. The
modules were individually pressed up against the cold plate by Bellville
washer energy cartridges located within the card guides. The net
upward force was approximately 100 pounds per 2A load moduie. See
Figure A-11 for the test configuration.

Both the .280" "T" fin and the conventional "L" fin were tested for
comparison purposes. The thermal resistance between the water and the
fin for the .280" "T" was .53°C/W, compared with 2.14°C/W for the con-
ventional "L". Table A-5 contains a summary of projected power capac-
ities for various module configurations.
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TABLE A-5
FIN CONDUCTION POWER CAPACITIES

MODULE RIB ORIENTATION MODULE POWER
SEM 1A Dip VERTICAL . 4.5
ISEM 1A Dip VERTICAL 6.4
ISEM 1A Dip HORTZONTAL 4.5
SEM 1A C.F. 7.2
ISEM 1A C.F. | 4.9
SEM 2A Dip VERTICAL 9.3
ISEM 2A Dip VERTICAL 13.8
ISEM 2A Dip HORIZONTAL 8.4
SEM 2A C.F. | ' 15.6
ISEM 2 C.F. S 30.0
CONDITIONS

35°C Intet Water, 105°C Max Jct Temp.

Uniforma Power Distribution

ISEM-6101 AL, SEM 5052 AL

SEM 1A Dip and ISEM 1A Dip W/Vert Ribs: (5) - 16 Pin Dips

ISEM 1A Dip: (9) - 16 Pin Dips

SEM 2A Dip & ISEM 2& Dip ¥/Vert Ribs: (12) - 16 Pin Dips

ISEM 2A Dip: (16) - 16 Pin Dips

ISEM 1A C.F.: (12) - 16 Pin F1§tpacks Per Side,

SEM 1A C.F.: (8) - 16 Pin Flatpacks Per Side

ISEM 2A C.F.: (24) - 16 Pin Flatpacks Per Side, 25°C/W Jct to Case for Dip
SEM 2A C.F.: (20) - 16 Pin Flatpacks Per Side 45°C.W Jct to Case for Flatpac
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APPENDIX B

MECHANICAL DESIGN DRAWINGS

NOTE: THE DRAWINGS CONTAINED HEREIN ARE ENGINEERING
DESIGN QUALITY ONLY AND SHOULD NOT BE USED FOR PRO-
CUREMENT PURPOSES. CONTACT THE NAVAL AVIONICS CENTER,
CODE 924, FOR LATEST REVISION OF ISEM PROCUREMENT
DRAWINGS.




-4 axn81y

b ! z | J L ¢ r ! § L
DA NI s e T==] T== e
— 0 OXN ABEY LK
8. L8 098 (4 Ull’“
s 3005
W
» XYR - SI001ANNE WSl BNt IAOW;
S S W0 S T
- g —_— isatowv 3RO
A mswmw( UO.PQWZZOU 4 Jows i !uubw!:eu DN\Q"—E!»OH“A-
- ;- SO 1w W WORIING e S 3 WS 10w 0]
ONOIIO) SEISES WON J114 AYR Wiz et §50menom ot a3 W
ANUM Ml 0O L IMLINSIO ALINIV S SHHNOIAY TWAYN i ZINPOUOOON W DINGAYNO Lidas i
-
X ] i
00 i L3171 AL WMNNN_ LIwd
= 3201 INND HivSLBZW '
I = z-81618 ]
r \i3a) Cwi e i av Bi, e 23 002 -
INEYEE "6i65-¥-Tin 2 ﬁ _

RATRTAR T

47a NT NJIAVIIALNIGE HIGY 5.9

e

mgg%” [0:0a]T]
&

Fo ¢ ve]
A3 S370m 2

vo 5izamn

O ————




(C 3o 1 190ys) z-4 danBiy

e
oo ]

Blels

W3g: d1d v
MET L 2 I SIS

(Vi3
AR
tocgese Q.

w e e e |

: ! AL LN 9 WSy
. T.S@.ﬂi%;..uw e v
: ;

Ve o Fand
AN R
I T lindwsy -

LAl WS Ny e

[T
-

S ——— =
23y
PRI a1 T - I _ e
PER] -
-
- ogr T R T T L -
! — 2
SIWYEA B0 AN L v » 2 T -1
S YL L TR v 3 . \Y v
A B A | ) i
TRIYE BWINMUL D 030400349 FSIMY IHIY $6 370 3 ﬂl A >
THMOYIS T I T e a, vV T e T YUY NS0 —— ———— —— — . o
- .. ANNOUY I 7v 2 | ;
B BN NV ary SEC 3 [ L e v
X —t e e e S 1
i -
PR f e
D S - -
—— g0 Fom T - el
SIAI HLOE S AL
BINYLISID S1HL N 1/% 31v3S e3cm T 4
WAIIO LSIIW NOILISNYN. 17Q NPT SAELs
LNVIMIGAING B ONDE 30 3N A0Ws /"/\ Yo R sens
EF - A-DN - .
————e @I e
, 1
. - _ = “
o s s - - i B
Lo ey o o T i
LR66s Vg PR — - PO
, $3ve ~ o feeg
. 0C 35, = = >z
o ?
¢ . "
~ be— 2 - v
SPoRe | 1% vowwi T Laiiman
INOSA 3
1 | | € K [ T [ | 9
e e e U 2 mdics -~ jaiiitisee iy aisiesihii




(z 30 z 193Ys) 7z-g sand1y
[
— € [IK 2 14 — c _ u , B
- 0)- 3
(]
4
(&}
2 l v
oll<
EE
= -
>3
24 )
m
55 :
- fxy .
| .:ﬁ
=< N
- — 5 |
F ’ - w s.
s —
-
22
[ 2]
™~
>
4] -
g
= a
S IOVI4 Vi
XYW 0¥y SEC
\
Qa0 " ;.ﬁ ‘ L
T
Qov )
gk
QO —. ”
=t 3
o8 ! . .
ey
N an
1 € 14 v T - _ i
t
|




T e
. e r—— = ‘
. _
-
B
1
{ £
A b (RIS .
[ . fov~y p,:?;\
- ! ' *
« e i v
. vy m T B
| | :.:v:un( It =
| n , | B ASOV Lrakg }
doegra r : S
- L RIS . =~
‘e o , :
| | hl
’
. vr ) 4
. . . i |
- : ;
X S x
——— ]
| INiLyg, ar_.t..i‘f AL ER YN
Milom NIRRT Nl g,
Sl
3 Sy R N u»-.,}“u:vq\r. ~
T o n . eadng B
3 : < v Yhea ey *
. . WU g
. L . It So
M{l‘ M . o rohg LIV dal
i Shhaysg g,
y S 14 - .
u ; ] - BTN Nt ogary > :
£ 3 v 1. i - " .
. LU EI) -
3 o EARIVE ey v
o3 .
T L.. T it ..hm.\a; *disy
: b A A R B v .
—Qﬂu» A " ¥y, o e
: 1Ty, ENY i 1. bt
: W PHYERN IR s oo
= Iy | |
<
: , N ) o ey tiva HPRINEN
: : Vs “ Jw
2 S AN L A
F ? ‘L LA TaiN i
: | _ . ‘LL‘L,.._W.:
: Pago1y, . .t oA
m . e R RN
Vis.iva w w
J - Ny, XN
eles, : 5
e L e N, )
o . o,
' 1! RN WhsiN
LR R . (
ML Y (VI e
ERLIFE W
RN ~h4\_u_‘.au Ung Nijy i
dorre Gy, .
NOlidi3530 Enn—— o, TV e, .
RN
& LTI
BTii02 w y....,...,:P,;



(z 30 z 190yg) ¢~-g auniry

ﬁ 19/TTin | YN ONE
2 13ms] A v
201118 | 1823218

2

k"i
334
$IIVVW T — T 002"
XWW 10" —— §00° T 000°7 - - —— e | -
= S00° 3 Ln1" —#m | o 002"
S / | _ I -
g |
o . A
. E2 N _LA ‘*\ i '
N a8 4 \
) = |
R .
& NW a1 30907 s9r-
o 8%
= Sm
i

-

o>

L—— 500 s 0%°
\

500" 3 S8b" .
03111W0 \ '
ALY .
N )
$3IVW 2
X¥W ¥£0°

i
i
S00° 3 Z(0W —®~ r\
Pt~ 500" T $62°2 SE——

B~

THIS PAGE

FROM COFY

1 8TI02




v SR

Mg b o

S ad

b

t w ¥’ Q
. . - v ) - ] . .um., -
. 38 P
svwv/
Ay
, <
| % %,
| N
«V g
2,
Co
o
Lt
QV P
%, 0
(4
s&y
&.
Pt 5Bt sowenie  Lw Tt -

P=g odmiiy g

T i z |

et




~ g

3

w

s i )

- v

L2649

NAC TR-2217

-~ ~- -
S~g aan3rty
t | | ¢ | s i 9
DL LI --Wicw
t3 100m ATy Y 1/v 31vre
Rt TR RIAZE I
MNIS WILINID v _— 2 VAT 5300 ) snvies sv3e Sawne saomiy] x
W3ISI ‘IWvus 3aow T3 Tw] | csow w03 inwans Bt
A 3 i TV SIINYEI 101 O1A1D3uS K 1t
O1Zw OMI S1IOQYINVIGN Eﬁgﬂ '}
AP UOW 4 SHNOIAY TyAvK i 3 IV MU ONMYSO | Yt 31001
it L L T
:e
K4 ‘e
"$IQIE HI0E 9il 143
TANVAIGNOIWIND §) BN H0WA T RDMVLSIO S ! - -
NIHLIM ¥ND30 04 0¢0° OL 0g0- ! N -
30 SEINMNII ML WOBI MNOIL ISNYYL ' PO T
XYW QU —e te— Vordoas — -
\ - [
A— -
) GREAEECIRETE -7
- YLl —— — .
| |
- e - ——— ol .-
=
[ ——— e Qe e
m Bt Aaadl 2%
A (& ] !
..‘n“. w , - g
-4
M m . t. _ e - 1
- * 3 - 'I‘A
=) ' .
(a4 “W . L f
[ ] . . i
n N S I !
= g m 2 r
m m ” v m
. o
wn MW AVYY 20 B8 Trwwg ; {
Mo 1avY W3INYOD 1w a3raiog0e IS MUIMIO SSI NI ! ' :
- Tyl 1 -t ~
nw.u W..A TMOVI T NI 4L I8 w1 T Maowy 2 i
[ O
< O S FRETY - "
(SRS} 2
w2
-t
o]
=2
S3owy
e - e ! - -~
Ll Pl
s - -
1 - - - — 1
t N

f

>, "
s
Py
2 g
- . ™
B ] L]
RS A

B«7

LY




B

.I.j =

FIMS) Gmg oung

| SELN Ry ] 25 B T ,mglgg
1 tOIILg 3 g :‘ﬁmh c _m v,

ML ey, One

' L:uv.uwhwa
A g,
~ o 2
49v2g 39m NN _ e
b My ” BIooy Qs w.yﬂﬂioz‘
SNYWAL Yy . ot
. AVYN dHL g0

Nimisvs s ‘ ALTHOYE SoiNgay YAYN

© 53Ny
34y mmgzﬁmw_\y 1304123345

IR

930 30vyg 2
- wﬂwéawo 30v14 ¢
wm_gmuI»O SSIwn
V3 SIRE Jryny 40N 0
QI0LS Iy

4000y Ny INimeag 438d¥31Ny

HilM 35Ny

- YN

Vo), BL L unung NN Ny

ABLE

FROM COFY FURNISHED T0DOC __ —

Midim SULINGNG LTI
TN IINse3s oy 851 AN A unS p 3,y 10440 L Ymy a
baduy oy, VLN gy CAFUE

NCLieoa gy NI 3

1540344 EL Qv g

NOISagy ERT:LSTRvN JNY

10Hg gy 40 2
ML 3INGL gy G Jy,n
Tt Fquq.cz_
8 NOan a

IR SYIN N b gk SI0540
NEgim JHN g
ERNST) VHY Oy

VN A8 S 3,
Wiy VU oy,

Y Yigery INY

TAL Vijug
SNy laany g4 i gy,

RS 24 UNIGY 1,

B~y

LRI g Uiy ¢ v

oy VSt umg) R

Fil70 2450 - L
A g, z,._.ff.«o RICE P 133y no BT FIeH U gy :
EREN v:‘%:»_:uwa ‘_z_vvu:?.,o 3Wh 2y -
gy Zr:qp:.wmcv
MM 1INVLEC gy Nt

EETN R 7NN UNE Ly oy avi Ny TNy, 3
v v RN TONC s SS3NAZ i, dlay ) INlsyy,
ta 7.)

RIS LI

34 AT, g, I3 N N MY Ly

RIET > Q
270 Y - Nl NN W i Ny

©OUNLJvg, SULLDONS W NG u
v .

! IC
THIS PAGE IS BEST QUALITY PRACT

BT E YT FIOGN ANy ;
LU co. SO INN Ly

2 luqij) UdHSing 4 Wi Ny

v
XN zs_:u_l:u?u ONY N1y

o::uunm w»z?.wa:_o;
HL My Alawig

LA N Juvas LR T J3Nigg CIusing 4 Imy i

SN ‘r‘::D( iy
; BT110q »

NGidigs 33 TR
SNOISIA3g T

- N e
T s e, e e —a

R
et e isa s



~
—
ol
o
U
o
=
&)
<€
Z

2 L133ms] A3d ]

31908

(2 30 7 100yg) g-g aandyy

+

01118 Mhmwmm 1

ON IN3Q1 3000 { IT1S

T QUALITY PRACTICABLE

SHED TODDC e

TNOLLdO S, ¥IUNLIVINNYW LY
S1 SIT0H INIT00L IHL 40 3SR
NOI'tv301 3704 ONI1100L
(WATERUEH
v 1iviig

(£L-6) 6/ZT1%n LAYN ONG

uux 002"

434 002"
\ S00° F 611" 3 00z

T

To=%,

A
{ "ON 3T0H
wi
(S
B -
| wm X 4
v 434
Mw m Z "ON 310H E - sz
= \ =~ i S6T1 —— -~ e
e D i
7] . . .
2 m 500" .z W ; Lo+
& — _
B " P | (R
| \I H
° \\\ S00° T OZ%"I
i
QILLINO / :
asinows — L / S |
N\
via soo € | via 100" = 290" | o0z’ v v1ivi3a33s 2 | v Tivi3a 33s | " oo it
vig $00° vi0 (00" ¥ 290° | 007 oo’ v V130315 v
304 NOILYI07 371s 30K IS8 ¢ A | 358 =X ‘ON 370H .Qg ! 500" T 00§z -
14VHD 310H
[ BTHO4 K

B-9




L=y odniy
| ¢ 4 | s ! 9 .

\ v
+
S
!
B - _
' : ' - o
' - . ,
L ' .
rd Cia . !
. - e e — i t
.8
. ‘ .
f_ . ,
i .
T * :w. 1333071 3)wie |
' i Bt AIAL TON 4D | .
- 2 ¥ >
- ! R / b \ ﬁ
HM J (A a3 .ruu T T - Mi.uoi\r‘ ! \ _2-
= : = =
A s Ay i o ' —
] T L N VI P Y ] | - . 1
= _ P AR g _ =
- TEORALS WP SYTU NVUN T HAMAPS N NN v_ .. R T —_—
FC S804 aka BT N WAIM BINVCIO ) i HirE NS _“ - ———— e —————
*30m A i i - - e -
b K S Y 3 I
o“ < B S = n
|
~ aOOvHqu r.\']ll»ll‘,tl‘.trn T
M £
3nTom T
“ a2 4301
|v GAall o —
u.w 3
Co [
yAi.;..Tr'?IV.\H.uW;a o ~ o W.Y...“.....»..,_.XH‘
J@V 1 | T H 3 (K 3 | s | *
S
T4, 00
7, Py,
Q@M %N
%,.va 2
Sy 19
. 5., Ay,
£y S &y
&
r —— e




2 . 3
j s =N T | 4 v | s ! °
oogoc-zore [ |al } T
S R P T U1 M.-I.m.. N0y 36
v W5 o1T-14 W2

CIWYNY 3 g0n
P——
P kel i

T0¥LINOD WIS

=)
!

~ W
—

IS 3
o~ g

1 TEMO YD 148V Disiddas oy ke
R .\fl..v((.'l Wdeﬂs .U’:KUQ ONY 1o wwiw s v Buw L IdaAw _M
= TIEVG LNINBLLANG AWMV B IINLew ISYB S In 230 1= g RJ

T R\Win QWY O @ VTywe
8 NOVE UINNOI VIV 0B1213348 IeimNBri0 SeInn g
M TMIVISIT YOI Beastsreg.v-nmiwid Sicomy
S Baum

THIS PAGE IS BEST QUALITY PRACTICABLRE

PROM COFY FURNISHED TO DDC

SBAIC HLIO0G drd

FINYICIC Grvs Nosiae

WADIO LSOW NCILLIENYYL Lo
ANVAVGIWING C) ONIG 80 3MigDue

;
__
!
|
i
]

annoYY Sw
[ e
Cww D"

230 907

R CYTH NS 17 S IR
‘\ €l

YR LQ et e

gwg..x_T

;.rll-‘f

Gadwrs L

2.
»
M

4
i

o
S
Lashensnl R AR R

2 VoM T saw
vio 198! 690 &

IV ¥
[

fo—-
e
i
R

vy 3wne

" ”‘ NG ae

—y

J!
1

oy

€3dvet

- — 15 :
3| Esla_ 2T s ol
» T , ‘
R — PP ums]
1 . 1 T I £ _ : _ o

B-11




R ¢ ﬂ';',Iﬂﬁmfﬁm“q

NAC TR-2217

- l a | L Y] ll';l;(,—r‘.;—v;,:‘—_ ) <

ik "
! ]

1
!
]

TR S

102 - "¢
T

WIS TR

NJA e}
B -
1

[IRY
an

]
[o]
=

pest 0 1 -
,-‘S
6 218 st
S
Lo
” C
’ ~ Q3]
b
=
-y - 0? .
8 ¥ o
Tz % g 2
< ! , . EL

L0358 RAD MAX
18 PLACES

2.93

-

€30vI¢ 2
EYREL

bo-

B-12




'

IR=2217

NAL

(z 30 1 195yg) g-g 2uNnd 1y

T 30 | kuuzm— 308 —61 - Toi .z.zu_ _zozu U NOILYDIlddY
_O_ _ .._lm Nwoww q NOO3ISN  ASSY IX3N
ON ONiMvyg |'ON IN3QI 3003 | 32iS GNYWWOD IHIL 801 UIAVHdY VINILYN e ]
LAY <7 5 4 ) XYW $3903 dyvHS Xv3I¥B Sweng JAOW3M| [ ]
| RELEEEE) S SWADIQIVMZ) L —
QW_,QOm w&_\s QMFZ_&& ¥IINIONT - SIIONY -+ SIWWIDIA I0¥d €
- “Tyon1T0ona|_38Y SIONVHIN0L QN4133dS ISIMBINLIO SSIINA [~ T T T 7
0%0Z D O ‘NOLINIHSYM 81290 NI "SINOJYRVIAN SIHINT Nt IHY SNOISNIWI DNIMVEQ SIHL 3WOS LON 00 T T ]
NYWWO)Y Wil a N4y sl 001 QIS T IR SR
AN 3HL 3O INIWL¥YVAID ALITIJVS SOINOIAY TYAYN HiIM 3DNVOHODOY NI ONIMYHO 134dY3LNI
B - ON1JVaS H0LINONOD WNWINIW
O - - - - - = - s - - - HIOIM BOLINGNOD WIWINIW

THIS PAGE IS BEST QUALITY PRACTICABLE

FROM COPY FURNISHED TODDC ____—

AIND JIN3YILY ¥0J SINIWIANSYIW Y00L010Hd 8

LIIHS NO GJLVIIONT SV 831531 NOISIATY 318VDI 1ddV INV
NG LV 43 aN304 JHL 31V3IAON) 119HS S1001010HG 3HL 304
153003y IHL " 08V08 INIYIM (QJiNIY¥o IHL 3IN00ug 01 0I5N
38 VIWHS ONV "g129%  UNVIONL “Si10gUNVIONT “ALIYIDVY
STINOIAY WAVYN A8 L1S3NDI¥ NOGN GJ11daNS 38 11imM L3S
WL 0790 (39¥Wl -1 11NW) 3d1S 3SV9 INIOVIY LMY ¥ v

{S1001010Hd) NY311Va ¥31SVW G
AINO NOIIVINIIYO ¥OJ Jav LIINS ND =401V INI1IQ IHL 4
33S SINIWIHIG0IY ONISSII08d I10M w04 a

BLL1g-a-VIW NOILVII 1D3aS
HLIM JINVOB0IDV NI 48 1IVHS INILIYId OV3IYI-Nsi  -INILVIg 1

13208V V¥ 1 33S) TWNOILQ0 SSINNIIHI ¥IAd0D INILEwLS

i /a) 3931 T01365-0 MW TOVID LW WYY NEHL THS D487

SWIYILvwW Q

0'g - - - - - INE3 20 WINNY WOWINIW .

Q - - - - - s - - - - ONIJVAES BOLINANGD WOWINIW 3

0 - = - - - - s = - - - HIOIM NOLINGNDD WAWINIW 1
$200°0 - - - - - - SSINNIIML HIAA0D OIHSINI S WIWINIW ¥

LE195M NOILVIL 312365 ONV NIEI¥3M 071 4133dS SINIWIBINOIE
JHL H1IM A1gWO) TIVHS Guv09 ONi1diM O3INIdd QIHSING S 3W) |

CSANIWIBING TY

Q3A0YddY iva

NOILdI40S30 i [ s [ v [ ez ] 1 [139ms] gia3m8 0

SNOISIAIY gweﬂm A

[__BTiiol »

B-13




(Z 30 ¢ 300y 6=4 odni1y

m iN/TTiy (¥i/] ané
2 13ms A3 FRCE o
(8987 T4
_O_ _ le O i3 g s
-y
m FEL]
g $39vg T 00z
X¥W ¥y
'3} . e ’ T
S $00° 3 000°g - ) 13y
m..u $00° 3 (g1° _gu, | : ooz”
£ | M
i 4
- W.... w v i _
= e *
oy M =4 :
U b=}
£ Qm . i 500" 3 Gag-
B aap 0007- o |
O @ 0I0"+ . .
MI' = M SO0 3 $8oy >y
wn
™oz 0311 1m0 g
) M AgLinayiy — *
& . )
D t
. S31IV14 ¢ |
a4 m X ¥go+ - ,
g 500" T z/0" —awmi T
500" x sgz° 3 T
R

I BTo %

B-11

»




aangty
- - 4 1 4 | 3 4 | s | °
[ e T T vl Te===] | Eal S -
80L~2010 T:: a e e is
1D ey | 1
eIt
v W3S ¥31NI) v2 W”J&ﬂ.@.ﬂﬁ
AIGNISSY ¥OLIINNGD ) B T S b S L LT M
CES NI SR T IY ety
HvmmO) cui. lmvl.‘-:_ N 1% O B ey —llll.t.tﬂ-eliuix.! *
ALV WOV SIMAY WA A B ilull! b od
Y i W0ELNOD WIS
! .
T _
-— | EE T »ac- 2010 -
! ml,‘ PR ey L9tte v gw
i, ’»ﬂlwl_"llmﬂﬂp TRV es v ity =3 j T T T T T oot -
oy ——— _ : ;
& _ : '
- m_ T 9~IP.P.5u|J|r|I e e VU »I.n'QT
— .
w
NI -
N - ]
o ) a
Q
b
=3 = ?
> O .
m _ { 3&..-.:..“,
4
B3R o
> -
=]
= R>1
-
=4 m
— =
q m 0 A Q
] A |
m m K
wn
=4 ry !
— 1 >4 |
[4. 35 SO SANPNIGIOBIV 1N 11 1 I 1TSSy S-MA..WGN 4_...._. ] - —
< D TOWHIT OISR LMY 01 CWiln tleassy g
P C € %310 misn SVIIvEW) im0y e R LA T
w $SL0T-3- Y1y NLIM PINVONOIIV i sm A\
=t m 19310m
, B
3
- )
] < e v I 3 1 0
"~




-

m« [1-¢g eandiy
b v e ) t | 4 l g v | § | 9 e on
B SNSRI G B, GRS CT-3 SUNN C S ]
bUL-2010 > ,0_ ‘ BT o e S
“ - p— ) ‘ILP - & : H - — -
] v ANHUNDI VT ﬁ,\%.. ..(.ll?l“- Y700 e . . B S /v 3wae v
m { B -;ri.w‘, wufwo\l o o ]w.lug i RE X Tivise
~7 ONTRNY SR S8 RN, WA W S b erncl,.. ..
3 “a R T L Y ] Al BV 1S ROAY WAV 4N v e
' _ TOWANUI WIS
g - | -
) [ &I “GIOIS HIO0W JAL
B TANVIMOIW N © T a0Wa THUNVL LG
— l B NIMA R WMDLOU . VL0 0a Ot
~ A 30 SEPVMIimML WOYS NOIL Sy
el O WY Du” re— N
- £
—.—_ ) -
ﬂ.muu i ey S
- ] —
= ) 7
.u. [ b Vivivo 33s
X —
MVMW - g -~
© % < nk
- - . ;
ﬁp z V-V RO OIS P A T _ 5
2] Lol ! f—vsr :
> wn (500 [¥] /] 007300 e~ i |
L P i R i - s
@ 7 1 } Sger _; i
D [ o !
™~ B.W LI ] @i@; ¥ | i
= X !
o - L , Se i -
o w fowo tvi77] 232 ! !
R- w 274 06871 o I "
o
[ CXWW avY 20 D9 IIVHS | smns | i
1ISYY BINBO2 1IV 031410248 D5 MWI~L0 537NN T | ' J _
¢ !
Uhp a THIVIS T ID T DeALGIR-V- NN WL Didony 1 t\ . L1 t e Hr P L a
= . 00}y ' L
- B P o r'(
-
°
_ re'y
, —
t - !
R R
.ty
w o sy
r ’0
3 2 3
L)
) -
STk [T
i I z ] € | ¢ v 1 3 1 9
L3 e e d ——
H

B=16




N . R L gt et iy s e o

1]
5 (z 301 1994g) zi1-g sand1y
A
t
¥ somm v e
T 30} Zuxm_ IS L S H,i: :;3_ \Tozu YW NOILYII1dd¥
coiLg /8987 [ 9 T - Q NO 35N ASSY LXIN
ON Onimvea ['ON IN3GI 3000 | 321 ANVWAWOD JHL 804 U IADSIdY TIIHILYN _
: (77 7] LT F T Clavaiad] xun 53903 davYHS Av3SE SHENE 3A0W3IY [ ] .
. [ e L, Gawamnd Feswwolddviesl L ...
wIINIONT .+ $310NY - SIwwINId Ivd €
! Q&(Om m&_\s Om._rz_&& [ e oes] 38V $33nva3104 0314193dS JISIMETHLO SSIINA [T T T ‘#
rn [ 54 1t - T -
RO 3 3 NOLSNISYM S129% ON1 S110cNYIaNT SN UL NG LN e ) bl 3OS 1N 00 [T . B B
GNVWWO) SWILSAS JINO¥LIII) IVAVN ALY X o1 415 TN [ ]
AAYN 4HL 30 ININIdVG IG LT10v4 SOINCIAY IVAYN MM IDNYON0IDY Ni ONIMYEG 1 38dy NI : i
e - ONIE2PaS BULZNONOD wiwIN) ~

- R S RLd M 9DUSUON LD Rl O

Gi.1dne a

AOING JINiudd iy 303 SUINIW2AnSYie
14345 NO QJLVIION: SY adLl 3 NGIS1Ase 340t lauV UNY

NOHLW5) JEANIGE 3L v )IdNG WS S ID0 UL UHe 3= a0

153NC iy JHL QGuv0d "!Nigtm JJuN-da mi d070Leu Ui

17
ABLE

THIS PAGE IS BEST QUALITY PRACTIC

FROM COLY F)

N H ¥ ‘sl n O OUNTIANT TS WeVRYICNT Tar Ty —
M“ 3d gy ONY 14 o] H o]
. R . t
. ] STENDIL AT WAUN ad 15)N03n NCan JiiTaeNy 3d om0ty o
3 =~
i m“ Wil U0 IUTWLE L WY 3y 39S UNTLT I v
] n\w - $% 07101 M) NBI LTS 1,5 <
et AING NOYLVINIIYG dUus JdY LIRS NG L0 NG L0 e

335 SINImiaiG3y UNISS:iuDee 3WH 80 "

wlily a-Yiw NUvLVIZ! 51 D305
SLeM JINVOQH0DIY NT sB 1IWHS ONY T a QYT NGy PLTIN AP 3

HED 10 DOC e

(3M08Y Y 1 435) WWNOILG0 SSINNTIHL HioedTl INILEVLS

WY NiME MY C1,0d

RAR-EFS L Q

)0 t INIS Lo 0 NNT AW I N LW L

18 /e EV RN PO R TR R R I O R D R

< ONIIVeS B0LINONCD WhkINIW D

u - HE0IM HOLINGNDD) wWiWiINIW y

9200 G - - - - - - SSINWIIHL B3ao0D OIHSINI Y WOWINIW v
££195M NOLLAY2EJ1D3eS ANV NI I¥IH (31313345 SUINIWIBINDIY

, JHI HLIM ATgWOD 1IVHS ONVOS INi¥iM O3iNita QIHSINI S IHL |

NI IYING IR

Q3A0HddV NOILdI¥0S30 ur [s [ v [elz] v ]iaams| gaams g0
SNOISIAZY E_w::»n AN

: [ BTHO3 ) »




=~

a2

NAC

(z 30 7 130yg) 71-g oangity

¢

TEL-0) £42200 149N e
T3St Adu)] FRCES
01119 M.\ 2R 9 NOELAD S.s3unLOVINNYW Ly

O% B 3OO | 92

SI S3I0H INII00L INL 40 sn

f Balx

NIVI¥33Y 3I0H ON1 00} -
1/7-37935 \ X
v ltv, “OK/, / 138 207 e
m o v 13y 062
w ~— [0S0 b e .
3 i
o 4 '
(&) e
!
& i
3
£3 ,_
| NL R
Y o
¢ 4
S
&3
i
7
nAa
3 -
v
-z, — — —-— 43Y
P B 3
Amwa > 2 0N oM \,_‘qw,:— n_c\ .\q.@\ = a0
= W - e 434 SL6'b -
iy
w 0ng
mm T fArR} - . n -
‘ -
, ]
i - ‘ : |
|
_ A
= L J ® M 300" . Q2%
ETUYIT K ,‘ .
n _ - -
AYLINJYI3 4
- L.
v1a 500 €D | via 100" ¥ z90° | ooz- 29S| viiwvi033s ¢ : Vi as - R
v10 500 & [ via 100° = z90° | ooz 00z v 1iv13a 335 | ;
01 NO)L¥307 3215 370H 358 ¥ A | Js8 = x “ON 370 ~ - S00° z got's -
L4VHD 370H
[ 'Tno3 S




188 0000 e

.
-l

CurY Fok

N
v

THIS PAGE IS BEST QUALITY PRACTICABLR

FROM

TR=2217

NAC

£1-g 2an31y

(25 ¥4

oIC -, . (oo 81 =
" 500 SO -

1v6 008 W wim 30000 a S
LI I O P Y A

(LY 3

. 1 ] T 1 € 1 4 v ] $ ) 9 —
— 1 T 77 o T===T T o
LI APV Lol
204-2010 48984 2 uom 18 rllLTi)nL v-v NOILID3S
Py P
. W= —] $35va 2 — .2 {So0 T2 TH]
v JIONV LHOI Nid 00! NN (170" — ] b _ v
A 39AL YOLIZINNOD . Kvm ooy —— 1# v w130
S Tew s D AR i ‘n 4]
v WS B2 | v o I e S , : i : 100020
01004 )
o] S—__Y o _ =
- . e — l ! ;.L m : * -
¢ IR —_ T o 08% !
[ ] bl i $33¥74 0% O%iy - \; A it , 82
+ BN —_— 08 XYW 300 - I B i ez
. . 0e1 m RIS — - g j s 1 TaoTv ] =) .l §37 .07
B v e | — 0¥ L Ly | $0C3000" ~—edbar— faa1} ! e
3y SR g _1 __, waoshy v
3 Gaw3t aia - £ Tl i P
5 vl 1 H i .
N v 53533 00 ! ! r Jﬂ\‘b\ Qebhemae o
200304 C26- - | 0.0 F D \ T _ -
[heind $007; 010 | : (er1) ; ciesey
- 5¥IWg 2 T R pu— N
| _% 7% e - n~o,oﬂn I_ /\
[« 4330 €20 X wiC vi” FE0R) S50 Y
4370 £00 08 X V10100 SO0 ~ .
e s e e it
2 | .:unn?lg =T o iy >
1 I -
- dai v & % e [B0] 5% 1245 DI Gy - L5 i~
i
s ! I T — —[T G- - — -
.r|||A . . SV e
-— ) “ XYM §50 —
7#\\ G008 ~— oy e oo = \S: a2
3 —— YW g 10"
v ¥ VL0335~ A Sves
/ - B 0sg
o uoo ( L a
i i
. {
Mwun_a_%.w ir {dr1) 20’ - §2: 01— o b ﬁ.\ ”.wmc
Tom <aw%wovo er,:qoo. .
- , ﬁxl : GTaTE) -
SIS 2 - ovoe T
o 51E)
@3N 90 T 220y
§00 ¥550
e = iim—mmmate= T e 1
. e w
oo_‘lL ~’ |
(4A1JS00 FOOZ" -l -

[3 [RJ [

o

B=19




THIS PAGE 1

NAC TR-2217 FROM Copy

m
—~
&
g
9
£
25
=
it
-~

E
4

vi-9 sandiy

e Y Sl ]

_.wuzmﬂ t/ ¢ VIS R T - H-o!& _‘-o-.:tn NOIL1VYDilddyw
LLOY6 LS (8981 [ 8 QZ 13N INY NIGS maL-Lr|  NOO3SH ASSY 1X3N
ON DNy | % i3I0 3000 | 265 2 s WO$ T 44 v ‘EPOSL-G W 53y IVIHILYN
- [43 £ 03uveiud Xvin 10753903 dWVHS Xv3IuB SuuNg IAOWIY - -
.N TNAIONW W33 # T oamama . 10 “STwwiD30 1Dv1al - ﬁJ(\‘ —
~ N =) wiIniond -~ + $3719NY QL ° + SIwwiDI0 IOV IdE
WOLOTMAX: | o1 108e v SIINVHII0L 031312345 ISIMBIHLOSSIINN [ —— — 1~
) Q NOLONIHSYM RLZ9Y ONI SIIOGYNVION! SIHONI NI FuY SNOISNINIQ DNIMY RO SIMi 3 )WD5 LON OG - o
ANVWWO) SW3LSAS JINOYLIINT TVAYN | ) 1i9vs somaiay IvAYN 00 015 1IN 7 ]
AAVN ML IO INIWLIHVYIIQ H1M 3IINVOBOIIV NI ONIMYEQ L 3HdY ILNI
——— d\ - R

=

Zi5 —— D08 U -
(el X¢ Rpry

=0 3Ot ——

OO0
——,— G2

YoviLs
VP e Gl — —
|
M ln‘.Alrwliil ,
, K]
—
- . . - e
M - ~
c ~ & ;
; w N 3 i 8wnm
o _ NP _w v =
3 1Al 1 vm e
L U et - H
x
| . m
9- — ; rv
A7
Sl — e - G - ——
NIWSBED JVIMMIOY D3 NIVYHS 353NV H
TNOILINDD LSOOI HL 3H, J1 GL8?-HW-IWw
HAI'M 3DNPIHMOIDVY NI AvIAYL LY w7
CMVYW AdVY SZUuC 1IdvY anN33
S3ILON
vvsleev]oe] -] 3
vv.wq 86’1 | vl ' - °
g v on
2 d | v H3va
Q3AONddY | 31va NOI1d14053a [T8)
SNOISIAIY )
[ BT93077 | 4




- B iR T

NAC TR-2217

APPENDIX C

STRESS DEFLECTION ANALYSIS
ON A 100-PIN WRAPOST PLATE
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DEPARTMENT OF THE NAVY
NAVAL AVIONICS FACILITY
INDIANAPOLIS, INDIANA 46218 IN REPLY REFER TO:
712:DLH: T

5213/3
25 October 1977

MATERIALS TEST REPORT NO. 94-77

SUBJECT: Connector Wrapost Plate; stress and deflection
analysis of

ENCLOSURES : (1) Appendix; Calculations
(2) References

INTRODUCTION:

1. D/933 requested a stress-deflection analysis on a 100 pin wrapost
plate, 0102698, in a module support assembly. Information was needed on
deflection caused by the insertion of the 100 pin connector. Where
possible the calculated relationships were verified by experimentation.
Calculations for the individual cases are presented in the Appendix.

"EVALUATIONS AND RESULTS:

1. The first case considered is that of the subject wrapost plate in

a 20" X 6" card cage of variable support spacing. The analysis assumes
that a flat rectangular aluminum plate (0.075" thick X 5.75" span X
variable width) is simply supported on all edges with a uniformly
distributed load across the span equal to the maximum allowable pin
insertion force for one connector. For a plate of infinite width, the
calculation shows a maximum expected deflection of 0.055 inches.
Imposing a plate deflection limit of 0.020 inches necessitates a card
cage support spacing of 3.6 inches or less (Figure 2).

2. The second case is similar to the first except in plate configuraticn.

The computation is made for a ribbed plate with a connector spacing to

accommodate the ribs. The rib c¢ross-sectional size is 0.10" X 0.10"

spanning the plate with a spacing of 0.40" on center. For an infinite

width, the plate deflects 0.019 inches and; therefore, does not require

support spacers to achieve the 0.020 inches imposed limit. '

3. The final calculation differs from the previous in that the maximum
stress in a thin copper iayer on the surface of a 1/8 inch thick "G-10"
glass epoxy laminated wrapost plate was requested. This stress computes
to be nearly 30,000 psi which is roughly the tensile strength of as plated
copper foil. Designing to stresses of this magnitude is not advisable.

A thicker, or supported, "G-10" board would be required to reduce the
stress to an acceptable level.

CONCLUSIONS :

1. The subject unbraced wrapost plate of the 20" X 6" size will not support )

C-1 x
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25 October 1977

the maximum pin insertion force without deflecting beyond the 0.020 inches
imposed limit., A support spacing of 3.6 inches is required for this plate.
An alternate solution is to switch to a ribbed plate as previously
described. This plate will support the load for any width. A substituted
1/8 inch "G-10" wrapost plate will not support the load without over
stressing plated copper foil on the surface of the board.

PREPARED BY:

APPROVED:

Copy to:

700

712

933 (Parmerlee)
File

c-2
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R. D. HOTT, Head
Metallurgical Materials Branch

B. C. VAUGHN, Director

Materials Laboratory and
Consultants Division




CASE 1

Calculation of the deflection of a wrapost plate due to the pin
insertion force

. . _/

t

/ 4
/ *'
+/I AR

A 1%

Figure 1 Y = maximum deflection for the
uniformly distributed load, W

y = —%é%%i— Yconcentrated load (Ref. 1 and verified experimentally)
¥ =5/8 Yeoncentrated load
therefore:

2
y =5/8 [ —%—%G—] (Ref. 2)

Dimensions as above

E

modulus of elasticity

.4

constant dependent on the b/a ratio

APPENDIX
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W= (10 oz

assume a

For an infinitely wide plate:

]

per pin)

"

5/8 [0.185
0.055 inches (verified experimentally)

For a maximum deflection of 0.02
3.6 inches:

1

]

5/8 [6.185

(100 pins per connector)

5.75 inches

0.075 inches
10.3 X 10° psi for aluminum

62.5 (5.75)%
10.3 X 10° (0.075)%

0 inches, from trial and error

1.6 —»«

Lo

62.5 (3.6)3
10.3 X 10° (0.075)%

5/8 [6.171

0.020 inches
(verified exp

using a spacing of 3.6 inches
erimentally)



Figure 2

.060h
.050(
= « ha
Deflection y = 5/8 FLS
Inches
Uniform Load, W, 10 oz per pin
.040 = 62.5 1bs
Plate: 0.075" thick
5.75" wide
Aluminum
.030 L
.020 |
.010 /
I /
/
0 1 i i
0 5 10 15

Spacing, Distance Between Supports
(Inches)




Calculation of Maximum Stress

Uniform load over small concentric circular area of radius 1

- 3W
%max = Zm mt? [(m*l) In
W = 62.5 1bs
= 1 - _1
m 5 33
b = 3.6 in
Yo = 0.20 in
5 = 0.125
t = 0.075 in
. = 3 (62
max 27 (3)
= 18,400 psi
%Gniform - Y2 %pncentrated
max O, s form 9,200 psi

5) 2 (3.
(0.075)= [4 In —-r

2b +1- Brn] (Ref. 3)

= 3

[ Ee)]

+1 - .375 J

f




CASE 2

Calculation of the deflection of a ribbed plate

Momemt of Inertia Calculation

- .4

N ' -
Ul L
<. ¢

; =2y

NA 0S| '__#_®__ 075
f @ .10 kD
| }* y
— 10—
e ——— —___.____,4
Figure 3

From the parallel axis theorem where d; and d» are the distances
from the centroids of the areas A; and A, to the neutral axis.

Finding the centroids of the areas

Ay = Ay + Aoyo

where y 1is the distance from the centroid of the area to

the x axis and A = A; + A,
Ay = .01 (.075 + .050) + .03 (.075/2)
R [.01 (.125) + .03 (.o375>]
y = .059375 in

A1 = .01 in®

Ag = .03 in2




.01

d, = —— + (.075 - .059375)
= .020625 in
dp = .059375 - ('075/2)
= .021875 in
1 by hy 2 bohs? -
I = 12 + Aldl + -—-lzéL + Aqds
3 3
= i.lo%%.&) + ('01) (.020675)2 + (-44%2(.075)
+ .03 (.021875)3
= .8333 X 10°° + .4253 X 10% + 1.4062 X 10°°
+ 1.4355 X 107"
I = 4.1005 X 10°° in*
I, -8
ribbed . 4.1005 X 10
Te1at plate 1.4062 X 107°
= 2.916

Deflection Calculation

If]at plate

! ribbed

Yribbed Yfiat plate

for an unbraced plate (b/a = =)

2
.1 62.5 (5.75
Yribbed ~ Z.9T6 [5/8 (0‘185)(16?3‘711637%7675)3]

#
(=]
—
(¥=]
e
3




CASE 3

Calculation of stress in a thin copper layer on the surface of a
G-10 plate

O /111

€= y'/p
where
€ = strain
y’ = distance from the neutral axis (NA)
p = radius of curvature of the plate
o= ¢k
where
o= stress
E = modulus of elasticity
o= y'/pE

mamdilostniatn st

NA
-




For composite section

cu
y X
II01III1I1 /100000064 NA
- G-10 - _
z 1810000 GIIIINIS
Figure 5
Ocu _ - %-10
e .
cu G-10
when y’' = t/2
E
o cu
cu = o
Ee-10 G‘lo]y' = t/2
oG-m]y,: b2 T “max  (1/2)
where
3 b

Onax = Tr‘%t—:— (m +1) In ”2,%

W = 62.6 lbs

m = 1/y =1/.3 = 3.33

b = 5.79 in

a = 19.55 in

B = 0.042

o = 0.20 in

t = 0.125 in

+1-8m




- — P L LN . S
- —r TN T TS ¥

g ] 3 (62.5) 11.5 _
G’1°]y' Y A A M T 6 ) W [4'33 "t *1 '14]
= 3855 psi
E
ag cu o/
cu = = G-IO] '
17 X 10°

i

2zx10e  (3895) psi

29,800 psi

REFERENCES

1. "Mechanical Engineering Design"”, Joseph Edward Shigley,
McGraw-Hill Book Company, 1963, pages 595-6 , Cases 6 and 11.

2. "Advanced Strength of Materials", J. P. Den Hartog,
McGraw-Hill Book Company, 1952, page 133.

3. "Formulas for Stress and Strain", Raymond J. Roark,
McGraw-Hil1l Book Company, 1965, page 225
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APPENDIX D

AIR AND LIQUID CARD CAGE ANALYSES

Introduction to Card Cage Analyses

1. While not included in the Statement of Work for Improved SEM Packaging
Development, this appendix does present three feasible methods of cooling
the card cage assembly, as shown in figure D-1. The first two methods
(figure D-1A and D-1B) are cold plates, using air or liquid coolant flow-
ing through the card guide rail, thereby preventing direct contact with
the electrical components on the module. One of the goals was to preserve
the 3" and 6" center-to-center distance of the guide rails, which Timits
the space available for fin height to about .18 inch. With this limita-
tion, the fin must be oriented laterally, as shown in figure D-1A. To
orient it in the longitudinal direction would result in preposterous
pressure drop (over 140 inches of water pressure).

2. The third method (figure D-1C) is a liquid to air heat exchanger
with the air being circulated through the air fin and directly impinging

on the module components for efficient cooling.

Air Cold Plate

1.  As mentioned earlier, calculations were made of an air cold plate,
with the fin oriented in the longitudinal direction; however, the pres-
sure drop turned out to be impractically high.

The following calculations show that air flowing in the transverse
direction (see figure D-1A) can cool a card guide with 60 slots on .3
inch center spacing (18 inches long or about the size for a MIL-STD-189
cabinet), with a 14°C AT and 2" H.0 ~p between inlet and outlet air
conditions and at a dissipation of 10 watts per card slot (600 total
watts).

D-1
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2. From "Cooling of Electronic Equipment" by A. W. Scott, John Wiley &
Sons, Inc., New York 1974, page 69, equation 4.2, the temperature rise
of the coolant is as follows:

AT{air) _ 1.73

Q f

Where:

AT (air) 1dis the temperature rise of the air in absorbing
heat from the cooling fins (°C).

Q is the total power that is being transferred (watts).
f is the total air flow through the fins (CFM),

Solving for the air flow at 600 watts dissipation and 14°C air 4T this
equation becomes:

Qx1.73_ _ 600x1.73 _
aT(air) 14 74 cfm

Note: The 14°C air aT is based on the reguirement in MIL-E-16400,
paragraph 3.8.1.1.

3. Using equation 4.3, the temperature rise of the fin in the card guide
above that of the air flowing through it is as follows:

aT(fin-air) _ 140w
Q nl:\Z"‘flLL '

Where:

AT (fin-air) is the temperature rise of the fin surface above
the air flowing through the cooling ducts
between the fins (°C).

Q is the total power that is being transferred
(watts).

D-3
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] is the width of the ducts, i.e., the spacing
between fins (inch).
2 is the height of the fins above the base (inch).

is the length of the fins along the direction
of air flow (inch).

n is the number of ducts through which the air
flows.

£ is the total air flow through all the ducts
(CFM).

The geometry of the cooling fins is shown in figure D-2, and this
figure defines the critical fin dimensions w, z, and L.

600 x 140 x .015
AT (fin-air) = ( 18

.2
_ﬁ§T> x.18-2x74-8x1.5

9.8°C

. ‘4;;§5§;;iji:: <;§§&N
.006 °

N
.0]5 3 ¢ 0 » > Y fe—

ro -
' A L L I LA

~NEK

7

L

L

FIGURE D-2
Geometry of forced air cooled heat sink and important dimensions

D-4
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From equation 4.4, the Ap across the guide rail is as follows:

(j:)2 x
= 1
ap = M0 i [} + .01 L] x 1073 ;

W
Where:

Ap is the pressure drop through the fins (inches of water). ;

Lt
op =~ v [1 + .01 1'5] x 1073

(.015x.18 -015

= 2.04" water

4. It is to be noted that to produce the above performance in such a
compact space, close fin spacing of .015" was necessary. While this can
be produced at a reasonable cost, it does mean that close attention will
need to be given to the design of the air filtration system to preclude
fouling of these fins.

5. In addition, nlenum ducts of the order of .3" height by 18" width

would be necessary to provide the air inlet and exhaust channels for a
card cage containing these air cold plate side rails, thereby compli-

cating maintainability somewhat.

C. Liguid Cold Plate

1. Using the equations and techniques from chapter 5 of the previously
mentioned test, figure D-3 (thermal resistance of duct to coolant versus
flow rate of coolant) and D-4 (coolant pressure drop versus coolant flow
rate) were generated for four coolants: water; glycol/water; FC-75; and
coolanol 45. From the standpoint of thermal resistance and pressure
drop alone, water is the best of the coolants considered. Applying the
results of fiqures D-3 and D-4 to the configuration of guide rail, as

D-5
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shown in figure D-1B, it is seen that shipboard requirements (MIL-W-21965)
of 1.4 gpm maximum/KW at 3°C maximum and 10 PSI maximum pressure drop

can be met at a dissipation of 600 watts per rail (10 watts per slot x 60
slots per 18 inch rail).

2. From equation 5.2, the temperature rise of the coolant is the follow-
ing:

AT (coolant) _ 3.8 x 1073
Q CgF

Where:

AT (coolant) is the temperature rise of the cooling liquid in
absorbing heat (°C).

Q is the total power being transferred (watts).
. gallon

F is the total coolant flow rate (minute
. ‘os BTU

C is the specific heat of coolant (BEUFH:?F)

g is the specific gravity of coolant relative to
water.

By rearranging and using 3°C AT (coolant), the required flow is as
follows:

F - Qx3.8x1077 _ 600x3.8x1073% _
CgaT 1x1x3

.76 gal/min.

3. Figures D-3 and D-4 are based on a single 3/16" 0D x .02" wall x 18"
long, since it is of a size which could be practically employed in a card
rail and maintain the 3" and 6" standard spacing. Entering figure D-3 at
.76 gpm flow rate, the AT/Q (thermal resistance, duct to coolant) is about
.0092°C/u so that at 600 watts input the AT between duct and coolant

D-8
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would be 5.52°C, which is a suitable value., Likewise, from figure D-4,
the pressure drop of water at .76 gpm is about 5 PSI. Another arrangement
would be to use two tubes in series; in this case, the AT would be half or
2.76°C and the AP would be twice or 10 PSI that of one tube. This AP
would be marginal, however, in a shipboard system, because of other fit-
ting losses along the way.

A third alternative exists, as shown diagrammatically in figure D-5,
to use 3 tubes (a pair of tubes in parallel with each other, and in series
with a third tube). The values for aP, AT, flow, and power dissipation
are shown along each branch.

4. These examples serve to show the flexibility of application by having
more than one tube in a "standardized" guide rail; thereby, allowing
latitude in matching the cabinet characteristics to those of the system.

. flow = .38 gpm, power = 150 watts, AP = 1.5 PSI, AT = 2.4°C

, flow = .76 gpm, power = 300 watts, AP = 5 PSI, AT = 2.76°C A
~

. flow = .38 gpm, power = 150 watts, AP = 1.5 PSI, AT = 2.4°C

Overall characteristics are flow = .76, power = 600 watts, AP = 6.5
PSI + elbow losses, AT = 2.4 to 2.76°C.

FIGURE D-5

D-9
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D. Liquid to Air Heat Exchanger

1. Figure D-1C shows an arrangement where heat, which has been picked
up by direct air impingement over a module, proceeds on through finned
windows between module slots, where it is conducted through the metal
into the water side circuit. The calculations for this design are as
follows:

air flow/slot = ¥ = Kgﬁ%é%%y

10 watts/card x 1.73
7°C {assumed)

2.47 cfm/slot or 148° cfm for a 69 slot rail

140 Q W
n+2z-24:8

AT (fin-air)

- 140X10X.01 = 7.7°C
94°2x,18°2x2.47° 8x.5

Where:

Q = 10 watts/slot
w = .01 inch

n = —5igeg = 94 fins

z = .18 inch !
= 2.47 cfm
= .5 inch

(See figure D-2 for application.)

D-19
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( : ) 2
[1 + .01 L] x 1073
2 w

3

1}

fin pressure drop = ap
(wz)

i

(2.47) 2 5 3
94 1+.01 47| x 10

(.01x.18)2

.320" water

Assuming an effective free flow area between modules of .20 square
inches, the average air velocity would be cs follows:

f 144

V= %0

Where:
velocity (fps)

flow (cfm)
area (in2)

t

i

. £ 144
A 60

2.47x144
.20x60

u

29.64 fps

From figure _A-9 , the pressure drop for 3 modules in series on .3
center spacing at 30 fps is about 1.5" water, therefore, the pressure
drop per module is about 1.5/3 or .5" water.
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The maximum component junction temperature is the summation of the
initial water temperature and all the temperature gradients along the
path to the junction as follows:

Inlet water temperature = 45  °C (MIL-W-21965)

AT (coolant) = 3 °C (MIL-W-21965)

AT (duct to coolant) = 2.76°C (see previous section)
AT (fin to duct by conduction) = 5.5 °C (estimated)

AT (air to fin) = 7.7 °C

aT (air) = 7 °C

AT (component junction to air) = 35 °C (See below)

Worst-case junction temperature = 105.96°C

The component junction to air temperature drop is composed of the
junction to case drop, plus the case to air drop as follows:

AT (junction to case) = 25°C/w {assumed)

x 10 watts/2A module _

16 DIPS/2A moduTe - 12-6°C
. _ aq0 10 watts - o
AT (case to air) = 31°C x 16 DIPS = 19.4°C
( Total = 35.0°C

(See table A-3 for 25 fps.)

In summary, then, a liquid to air heat exchanger assembled integral with
_ the module guide rail, as shown in figure D-1C, would have the following
t characteristics:
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Number of module positions = 60

Module pitch = .3 inch

Module dissipation = 10 watts/module

Total air flow = 148 cfm

Total air pressure drop across E
: the air fins and a row of
1 SEM 2A modules = .82" water

Average air velocity = 30 fps

Worst-case junction temperature = 106°C

As in the case with the air cold plate design, the close fin spacing
requires close attention in the design of the air filtration system to pre-

clude fouling.




